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MAUD. AN INTERACTIVE COMPUTER PRUGRAM _FOR THE STRUCTURING DECOMPOSITION,

AND RECOM?OSITION OF PREFERENCES BETWEEN MUETIATTRIBUTED ALTERNATIVES.

S

BRIEF . - : : P

ﬁé&ﬁifeﬁehti

_To sﬁmmarlze the rationale, userﬁp;pgeaures, and program descripticn_and

provide a software program listing for the Multiattribute Utlllty pDecomposi-
tion (MAUD) decision aid: - :

!

Procedure :

,

The MAUD software was developed as a demonstration of the appllcatlon

of heurlstlc devices to dec151on theoretlc technlques' background is prqyided

in TR 542,7"Structur1ng Decisions: The Role: $f Stricturing Heuristics."”

Findings: B ~

ThIs report contains a complete “yser manual\for the operatlon of the

MAUD program 1mplemented ori the IBM 5110; versions are available on both tape

and diskette. “peveral examples are provxded to help the user both understand.

tlie dnput and- interpret the ocutputs. A decision-theoretic rationale for the._

;MﬁUD algorithms with speclal reference to multiattribute utility theory, as

well as the programming 1ogic and- operatlons,Vls_summarlzed -Finally, a com-

. ,

Utilization of Eiﬁéiﬁéé: L _ ;

N '
‘

The MAUD program is irterided to Support any dec1sxon ot choice problem

that" ca.n.he decomposed into componernt parts or factors and for which the

decxs;on maker is able to.at least tentatively identify those factors. while

decision analysts are riot needed to oOperate the program, they wggld be help-
ful in instructing the decision maker on_ the program. rationale and output >

interpretatiomn. T its present form, MAUD is designed to help a decision

maker choose among. alternatlves for any probiem that is,_ it 1is context free;

allowing users to define. the problem specxllcs. MAUD would pe partlcularly

helpful in teaching students -a variety of militdry decision problems to pro-
dice decisions and be more cognizant of their own values.: N :

'

e . ~
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‘ MAUD = ANWIVNTVERACTIVE COMPUTER PROGRAM FOR THE STRUCTUR?ENG,,DECOMPOSITION, MR B
% - AND RECOMPBETTION OF pREFERENCES BETYEEN MUETIKTTRIBUTFD ALTERNATIVES : . N

Y . _ . . N R ) v g . = ) . - [ -7
. ] S . L . g. * . N

Ce Do d oo _ SN

- A OVERVIEW : ; . : : o
v - N ° N .

- i ThlS report describes the use and operatlon of Mulfiattrlbute Utlllty

DecomposLtl,: (MAUD) an. 1nteract1ve cOmputer program for the- structurlng,.

. decompos:trqn, and recomposltlon of preferences ‘between multlattrlbuted' L
- alterthlves L - ) .- . 7 .
- R i . ) - . o <

77,7'7ﬁﬁ65 is éesidned as a dec151on ald, alding the decision maker in any
- ~4nd all of the above opegrations. MAUD is of use in 51tuatlons where the

user has an 1ntu;t1ve "feei" F3x relevant aspects of the decxéion—maklng situ- -

ation and problem put has not as yet unicovered its precise wbrth structure,

or where we are interésted in How the user's idibsyncratic worth structure

is mapped onto the problem s:tuatlon. - ’ . i

-

S ’ MAUD also finds its appllcatlon within systems that are “well structured

at a macro level,! that is, whexe overall act-event tree or- utlllty hierarchy

_is .known', bit where the worth structurg associated with partlcular utility
'assessments to be 1nserted at defined points WIthIn the main system needs in-

vestlgatlon In this case, MAUD does{not address the dec1s1on problem as a

~whole but is used as a tool ingestigating the, mlcrostructure of a component
of the decomposition problem. ] - ] b

¢ ' | ' s | :
MAUD i5 de51gned ‘for direct 1nterfac1ng of Cllent (dec1sion maker; ex~ :

pett) .and decision probiems in a "hands oa" approach As such, 1t is de51gned .

to’ 1nteract dxrecbly with the cllent without using a decision analyst or

technician as an 1nterhed1ary The dec1§ion analyst, din discussing the prob—

iem with the client .before using. MAUD,; will xiSH to arrive at an agreed defi-

: nltlo& ogithe set of alternatives wWhose worthistructufe MAUD is to -investigate
and the goal«under which the worth structure 1s subsumed, - However, oOnce these

L issues have been defined, the 66c151on analys; is advised to let MAUD. take.

over, Structuring decomposition. and recomposition of preferences between the -
alternatives in direct 1n+eractlon with the user. N

e \ .
- - » .

L
o MAUD produces a loq of the session that ensues,1 and the dec1slon ana-
f = Iyst may well with to assumé a foreground role again. in'conducting a debrief—

™~ ing intzrview with the client at the end of the session to discuss the .

- smaterial in the log. THe 1c9 wxil include the MAUD-composed h slistic prefer—_ - ke

ence values for the aiternatlves under consideratiocn and & 3 mary of the

structure #nd-basis on which these values were computed: S

-

MAUD Fiso- aljbws uodates Tne current sé%ucturere11c1ted from the’ usgr,

together with "art relevant content may be saved on & ‘named file and recalled

on any sﬁBseqpeut MAUD run.  The userithen,has the options of modifying the

. strhcture, changing content within structure, and simulating the effects of// )
—— - 3= - = —— A

changing value‘WLse meortance weights within the orIgInai or modlfled

pp— { .+ e 4

1= S S I
An example of such arlog'ls.given;pn,pages 10-12 and 1I5-17:

N - ' . 3 A ) ’ ’
g ' ' J C a , )
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structure: Hence MAUD tan be’ used for explorlng hypothescs about riew and

hypothetical, alternatlves simulating different vsers' assessments within a

common structure, exploring the effects of’ mapping 6alue9 onto dlffegent

worth structures, conducting general sensitIVIty analyses;, and So ofi.

. - - - . .t '
. “a . . — N - .- B .
. N

- o, ) Organization @f—tﬁ%Report

Sectlon 2°is for the user . It is self—contal' d and wrltten ln none

techiiical language. It may be sepdrated. from the restrof the report and used
as a user's mangal! It does not assume (or provideﬁ any technlcal knowledge

of dec:sron theory, <omputer programming, or computer operatLOn.
» - -
- ~
. Sectlon 3 is" for the decLSLon theorlst and dECISIon analyst who_ WOuId

'llkd t5 know something of the theory underlyxng MAUD; such as why MAUD does -

) yhat ir does, how it does it, and ‘how it decides when_ to. dorlt., It also
’ 'places MAUD in context within general Multiattribute Ut;lity Theory (MKUTT

and suggests further debelopment v -

-— . ~

.

. ' Appendlx A is for the systems analyst w1shlng to lmplément oy

odify
" MAUD on an IBM, 5110 North Star Hoxizon, or other mini- or microcomputer.

_The descrxptxgn of the MAUD: suite of programs w111 however; also be of uke

. to the decision analyst wishiing to know -about the detalled operatlons of

MAUD. MAUD is modular, and-sSo the modules can be reVised extended, -and

supplanted by a decision analyst %ho lsl of has, a'good systems programmer

o "turma" the system to neet partlcular needs. - .

i e e . o
. Appendlx B ls a complete llsting of MAUD as we Implemented it for the R
1BM 5110: . .. D , O N : -

1] . "Tg‘ ' _ ! -

. ‘ : w ‘e o B
2. MAUD USER' s MANUAL - '

Z
a = The Verslon of Multlattribute Utlllty Decompos1t1on (MKUD) descrlbed
: here is for an IBM 5110 system. _Interaction with the user &s carrled out

uslng the streen for display. - MAUD is made up of three lnterrelated _pro-.

grams , stored on a 3M tape cart Idge that runs on the tape unit, whlch is
N . oan 1ntegral part of the 5110 : o = _
N . - P ~ <

o To run MAUD; place the MAUD taDe cartrldge in the slot in the 5110
* front pariel, and type: ,/ ; . . .

S

S S ioaD! EyECUTES : \
‘.l o : . - '777 ’ ) . o . °
{ then =~ . _ RN ] <EXECUTE> -
. o .2 - ) ' ) L 4

1 . —

— -
what J&AUD DOES

S
.

. " - .
. -

2.1: MAUD w1 lnltlally ask the ‘user for a title for the session and.

z generic name for all iters :(choice alte*natlves) under. conSIderatlon

Amendments’ are allowed: The follcwing examplgs are taken, from a MAUD session

with a campaign planner: {Frances) in an advertising agency who had to choosé

- . . R ¢

- - —- . - N N » - ¢ -

Aruitoxt provided by Eic:
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1’ L3
one of four viBeotaped prototype advertiserents for development and trans-
HESSlOn over the»commerC¢ul television network.

s U L . ] . N -
r Please type in a name for this session FRANCES SECOND SESSTON
: 0.K- ‘ R

-

Q_‘

make a decision about:by answering the question

"The alternatives T am thinking about could all be
described as COLA ADS

Please type in a uord dec'r1b1ng the topic you want- to

O o O C

Now in s1ngu1ar form- Eath atternative could be
described.as a COLAAD

Are you reasonably happy with the words you typed? YES

o
O

<(:>:v

o~
~ <. - -

) In thlS and the following examples, the tex~ has been copled from the

. 5110 s screen, and Qnderllnes have beer added to the user 's responses.

\

2*2 The user, lS asked to spec1fy choice alternatlves (a i riimom of 3

5 itenis; a maximum of 11).; F@r -example:, ‘
R 7‘( T S - TR . .
) : -\ Please type 1n the name of a COLA AD ' 7
, O | you want to corisider - O
A ,,/’ o R
Its name is PARTY.

When the user has spec1erd all choice alternatlves, MAUD will que a

prlntout of 3llrthe alternatlves under COnSlderdthn and will ask if the user
. . wants to make any changes !

. . - .
“ . " s

MAUD alles the user to make several types’ of amendments
(1) to change the name of an ltem, \ -
N (2); to delete an, item, and

v
A = - —

{3) to add an Itemn.

1

You have considered g - COLA ADS

"-COLA ADS under consideretion

(1) PARTY : -
(2) .BERMUDA - : ~

(3) HAIR .

(4) FISH AND CHIP SHOP

o) O

Do you uant to change anything ? h@
- /

3;:‘ 0.

el

EI{[C B - . . Y . ; . } .v | )

Aruitoxt provided by Eic:




5.3 MAUD will then help the ‘uses elicit attributes relevant to the

choice altéthétiﬁés'theg7¢§g§ideraii53 by %géééﬁtihg't:;@@siggﬁgiternétiﬁés
and asking_the user to specify differences ‘dnd similarittes among the alter-.

natives. Those definitions will represent the poles of the agtribute dimen-

sion. MAUD will allow changes if the user is not happy about the definitions
given. ' o -

C

.

_ Can you specify a way in which one of these o

) BERMUDA ' .
| {2 different from the other two {in a way that matters.
to you now 7 Please dnswer YES or NO YES
What is the numbep-next to the COLA AD-~ .

/ that differs #? 1

0O .
0O 0 O

)i
)

o

You have said that PARTY

is different from : T IR
HAIR - and BERMUDA -

- , S O

In not more than three Words each time. please describe

how the three differ from each other. -

First describe PARTY , O

PARTY is

PIcKUP SITUATION .

on_the other hand- o O

HEIR ' and BERMUDA _ are :

ESTABLISHED COUPLES - o o -

Are you reasonably happy with this description ?7 YES @)

O O O O

O]

~ 2:4 rThe user_is then scked to rate ail the choice alternatives on that
dimension using a 7-point scale.

O\j

It should be possible to give each COLA AD.
3 rating from 1\to 9 adcording to its position
on the scale _
PIEKUP SITUATION

Q.
0.

Your rating of PARTY . s
Your rating of BERMUDA . e
Your rating of HAIR o s

, o Your rating of FISH AND CHIP SHOP .  is
to Are these Patings OK 2 YES

il e

O O
O O O

m. oo ~o i Ew e

STABLISHED COUPLES

i
)




O

ERIC

Aruitoxt provided by Eic:

,O:

Ki

3.5 Next, the user is asked to give an idex* point on the scale for
that particular dimernsion. ' )

Thinking only about the scale below. what position
- on the scale.would you like most of all for
y an. IDEAL COLA AD '
PICK UP SITUATION ] -

‘C):‘

O
o

-

Ol

Your best possible value is i 2

to T
Is this alright? YES .

o O-

o O
0 0 -3 07 L 20w U e

ESTABLISHED COUPLES ’ S

)

2.6 After two triads of alternatives have been presented, MAUD allows

the user to specify poles of dimensions directly until such time as he or
she runs out of ideas or has to restructure the problem (at which time MAUD

returns to preserniting triads in an effort to get things.going -again).

Can you think of any other way that the COLA ADS
differ fﬁdm each other 7 YES ' ’

In not more than three words eacn times please describe

how some of them differ from the others:

Some are : DIFFERENT SLOGAN ~ . . -

Whereas others are : DIFFERENT—FORM OF JINGLE . -

c O O 0

Ol

Are you reasonably happy with this description ? YES

, . R
MAUD will then proceed to elicit ratings on a scale between these pdles,

.

2.7 MAUD allows ihé*ﬁéé? to make several types of alterations:
(1) to change ratings Of choice alternatives on the scale,
{2) to change ratings of ideal value; and : -

(3) €5 cancel the scale.

In the exdmple in step 6, the two poles do not really lie on the same

dimerision. However, this is not realized until an attempt is made to elicit
an ideal point on the; scale between the poles, at which time the scale is

_canceled and replaced with a more appropriate scale.

-

YRy
.

o




@] (D

-
»

o0 O O

(

O

oy

%

DIFFERENT FORM OF dINGLE -~ .-~ °

o O

a

Thinkjng only bout the scale belows what position
on thé scale would. you like most of all.for

an IDEAL COLA AD )

DIFFERENT SLOGAN

14,1

Your best possible value is :

to : L
M Is this alright? NOG

L0000 £ wn e

You can

(1) Cancel this-scale (and all ratings on it)
(2) Change your ratings on this scale _  _
( 3) ¢€hange tHe position of the ideal value

Which would you like to do?

Please type in 1» 23 or 3 : 1 ' :

-
.

can you specify-a way in which one of these

(L ) PARTY ~
( 2 ) FISH AND CHIP SHOP . .
¢ 3 ) BERMUDA - o

“is different from the other two (in a way that- matters

to you now)? _ __ _ Please answer YES or NO
What .is the number next to the COLA AD
that differs 2 1 ' B

\

%
=il

£F




¢
<.

restructured the problem by deleting a dimension:,

{ -You have said that PARTY

'.()\‘ Q-

-0 0. O

-r

; "

is different-fromi: , T
FISH AND CHIP SHOP and BERMUDA

In not more than three words each time. please describe
how the three differ from each other . :
First describe PARTY . S
PARTY o is :
UNINTERRUPTED SLOGAN : v
On the other hand. -

FISH AND CHIP SHOP . *  and BERMUDA
INTERRUPTED SLOGAN S
£re you reasonably happy .with this description 7- YES

- . o s .. '”7_;"7“ LTl - - e e
and so on. Note that MAUD returns to using triads here because the user
{.

3.8 1f the prpferences between choice altematives on any two attribute

dimensions are found by 'MAUD to be similar £o each other, MAUD will ask the

user if the two scales have a similar meaning. If that is the case, MAUD

will ask the user to,specify a.new attribute dimension_ that will replace

those two dimensipns:. If it is not the .case, MAUD will accept the user's

verdict.

o

‘0 0 O

o O

o O O

g XN o IR 1]

Cari you think of any other uay that the COLA ADS

dif fer from each other ? YES &

In rot more tharn three words each time. please describe
how some of them differ from the others: ‘

Some are : MORE_EXCITING . S ,
WHereas others are : LESS EXCITING N v

B
<
m

|

Are you reasonably happy with,this description 7

- -
<

o

a rating from 1 to 9 according to its position

- on_the scale.

ORE EXCITING : .

1 . . Your rating of PARTY _ < is
. Your rating of BERMUDA is
; "+ Your rating of HRIR - is

. . Your rating, of FISH AND CHIP SHOP is

to ' Are these ratings 0K ? YES

It should be possible to give each COLA AD I

j=leire

EXS EXCITING

. C)P

i

o 0 O

O

6 0.0 O

Vi
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LRI

. . RN N 7 ;
177 i 4 4 - * ;/, u \ '.
O« éYour preferences fgrithe,// €OLA ADS. '()
underfgogslderatxon in terms_of their ratings on the scale _ .o
— ranging from . UNINTERRUPTED SLOGAN ] to INTERRUPTED SLOGAN -
_C) seem very much the same as. .yowr preferences for the _ OF
CoLA ADS __ k4 in terms of their ratings .
-on the scale ranging from MORE EXCITING v o

O [ to LESS EXCITING e
i Poes this_meah that tiiese “two scales mean similar things
O tg you 7 NO . //7 g )
ook o "

Here MAUD found a . similar pattern of preferences to those 'just ellclted

on a preVIousiy elicited dimension. However, the user dec1ded that the two

dimensions were in fact value—w15e Independent and MAUD accepted thIs. In

the next sequence, MAUD: agaIn finds. two similar pattermns of prefe;ences, and’
this t1me the user decides that the relevant scales are not value—wzse
independent. ) :

-.

3 - . 1 . A . R

Can you think of: any other: way that the*COLA ADS

- d1ffeﬁ from each other 7. YESf B
.
Ih not more than three words each t1me1 please descnxbe

é§ \how some of them differ \from the others
\ Some are ¢ LACKING ACTION _ R
whereas ofhers are : LOTS OF ACTION

\ Are you reasenably happy ‘with this aéscﬁipticn 7 YE§
P
—'It,should'be pbssible to give each ‘COLA AD <

. : <

o

a rating from 1 to A dccording to" its position

_{ on.thetscale - : 3 ) s
" LACKING ACTIO. S SR 34f- . ) 10O
g . Your rating-of PARTY ' " is = 2 .

2 * Your ratifg of'BERNUDA LB CTis i 2]

3 Your rating of HAIR. . is: 51O

y . Ydur rating of FISH AND CHIP SHOP ™ | - is : B\ |
.\ 5 to Are these ratings OK 7 YES ° oo ¥

b ' C O
4 ? 3 T

& ! .’ i‘ Cg

a S o .

LOTS OF ACTION . T : C, :

: L .
: a 8

YCD

-

Y

Th,
.



O 0 0 0 O

o O

Of

P.Jlbhdﬂf@icwufU&J
ct
o

. . . 7 = -7

/>?> :, \ " \\;_,/
Th1nk1ng only about the scale belows what position
on he scale would you like most of all for
nIDEAL COLA AD , .
LAGKTNG ACTION :

o O

- . Your best possible value is % 2

o

Is this alright? YES

o o

OTS OF ACTION

i~ )

p s

Your prefgrences for the b €6tA ADS

under consideration in_terms of their ratings on the scale ,

ranging from MORE EXCITING S to LESS EXC;TiNG
seem very muth .the same as your pPeferences for the> ' 3
COLA -ADS . - in terms of their ratings O

on the scale ranglng from LACKING ACTION

to LOTS OF ACTION '

Does this mean that these two scales mean 51m11ar thlngs
to you ? YES ‘ : !

K Ve

; MAUD tHer restructures the problem by deletlng the offendlng dinénSIons

and invites the user to replace them by & new dimension that expresses the

meaning common to both the deleted ones:

2 O 0O O O

\ LOTS OF ACTION

Now_ biéééé ype one or more Words on the same tine whxch

«

Please type one or mord- uords on -the same line which could
replace both MORE -EXCITING : . and

O

Your new;, word(s) 7
INVOLVING

~ ’ -
g S
/

el

.could replace both LESS EXCITING
and tAGKfNG IN ACTION
Your_new word(s) : . R

NOT;INVO&VINQ

O

.

- .‘
\\4 . N - . -

M
- Co




©

O\ It should be possible to glve egghiggLA AD O
a rating from 1 to 9 accordlng to its p051t10n

- on the scale . _ : .
| O |rinvoLvine o . MR Ye)

1 . _your rating of PARTY . is : 1
R Your rating-of BERMIDA ' ' is : b { __
o\l Your rating of HAIR is: 3} O

’ . _ Your rating of FISH AND CHTP SHOP is: 4
- to Are these ratlngs oKk 7 YES o

Q!
O

‘O“

c

3

4

5

E: . i

? - - o

b

Cl

N

NOT INVOLVING

'

2.9 When the user has speclfled two or more attrIbute dlmenSLOns, MAUD

swn.ll, if required, give 4 summary of progress to date- ;

Here is a summary ggiFrances progress at the time she had specified

eight attribute dimensions:

LN
1

O 7 ould you like to be rem1nded of the. Informatlon you O
have put in so far? YES ‘ .
The summary is shown reduced, as it was prlnted olit on the 5110's printer,
béiow and on the next two pages. -

A . ;

- sxxxx  SUMMARY FOR FRANCES 'SECBRD, SESSTON kxkx
COLA ADS_ UNDER CONSIDERATfON =
(1) PARTY '
‘eé; ézﬁhﬂba
(3) FAIR - x - | :

(i} FISH AND CHIP SHOP

xS
ATTRIBUTE bihﬁﬁ§ibﬁ§ USED- ,
(1) PTCKUP SIIUATION (1):2::23T00enviresns ESTABLISHED COUPLES (9) -
IDEAL VALUE = ' )
i b -
o 10 <o
- i
“ j;{} :




(@) - WITH BETTER JOKES (1) v-- .. TOuvraeennn WITH BOSRING JOKES ()
IDEAL VALLE.= 1 -

(3)  DIFFERENT SLO3 AN,ﬁL; ...... Té’ ..........  BIFFERENT FORM OF JINGLE (q)

(RATINGS CANCELLED ON THIS SCALE) -
(AFTER TRYING. TO ELICIT IDEAL POINT)

(q) UNINTERPUPTED SLOGAN (11) heea TO.voerenns INTEI‘;\’RUE'}EIS §L65AN (E”
IDEAL VALUE = 2

(5)  MORE EXCITING (1) :s::::T0:::c:::.2: LESS EXCITING () -

- IDEAL VALUE = 1 ) a

(DiF‘ENSION CANCELLED BECAUSE OF SIHILARITY UITH DIMENSION l: )

Co 3
(b)Y LACKING ACTION () seeessTOieinns »... LOTS OF ACTION (':l)

IDEAL VALLE = ? . )
(DIP’IENSION CANCELLED BECAUSE OF SIUILARITY WITH DIP'ENSION 5 )

(7)) INVOLVING (1) ::::2:T0.vvvnnnd.. NOT INVOLVING )
IDEAL VALLE = 1 . \ ‘ ,

(8) _APPEALING TO BOYS ONLY (1)=zase. TOwvenanenns APPEALING TO BOYS AND GIRLS ()
IDEAL VALLE = ~

i 2

RATINGS OF COLA ADS ON/ATTRIBUTE DIMENSIONS

coLAAD 3 2 3 u
ATTRIBUTE _ e
DIMENSION -
(B 1.00 k.00 5.00 2:00
VAEUE .75 :00 <25 108 - N
(» _ '3.88 7.00 5.00 2-00
:VALUE’: .50 .00 .40 =00
(3) 5.00 5.60 5.00 3.00 - ]
(RATINGS CANCELLED) _ o 4

(9 .00 a 0c 9.00 9.00
VALUE 1.00 .00 .00 .00
(5" 1:00 &-00 4:00 4.00
VALUE 1.0 .08 _.u0 .40

. (RATINGS GANCELILD BECAUSE OF STHILARITY TO 3 )

&) 2.00 2.00 5.00 4.00
; VALUE 3.00 .00 .kO .40 ,
(RATENGS CANCELLED BECAUSE OF SIHILAPETY TO & )

".
.

5 -
; -~ i
.

11

&
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ERIC

Aruitoxt provided by Eic:

L 4

~O | cota ArS .

7 1.00 L.00 3:00 4:00 ¢ -
VALLE 1.00 00 -b0 -ub - .
@ .00 5.00 2.00 3-00 | "
VALUE .00 .75 -00 -25° o : .
44 END OF SUMMARY  ### _
PO : ~

.

5-16 Investigation of Preference Structure

When the user thinks that he or she has specified the requisite attri-

bute dimensions in fgrmin& the biéféréncé,étruagg;¢i7MAﬁn is ready to in-

vestigate the relative weights bf attribute dimensions in determining prefer

enices among lotteries. This is usually done by. constructing reference

gambles, or “basic, reference lottery tickets" (BRUTS), which allows MAUD to

determine how the user trades off values on attribute dimensions. A dis-

cussion of the theory b&gind this, technique, and its superiority over other
techniques, can be found in section 3-:¢4. Here we present only an examplet

of the major steps involved for Frapceg to determine her preference ordering
ealid . <} ; 7 s

~

" of cola advertisements. ; :

O { 1o you think you have now worked through eriough of the

main ways of describing similarities and differences
) between the COLA ADS . which you
O | think are‘important 7% YES .7

~
.

OLA A 7’7 'on the basis of the simijarities
and differences you have described so far 7 YES

Do you want to investigate. your preferences among the . .

to describe the COLA ADS” . . -
are equally important in determining your preferences 7 NO

Would you like to assune that the various ways you have used

b}

MAUD now constructs and displays the BRLTs.

I3

o
5

O




.!
L

% :
Imag1ne you had to choosé bétiieen . OPTIONB
and S A 98070 chance to get a ... =
OPTION A COLA_AD that is
- ‘ : ‘as WITH BETTER JOKES
A LDDo/o charice. to get a *as FISH AND CHIP SHOP
COLA AD that is ‘ and as PICKUP SITUATION
as WITH BETTER JOKES. as ‘FISH AND CHIP -SHOP o
“as FISH AND CHIP SHOP AND a lﬂo/oighgnge to get instead
but that is.also a COLA AD that is -
as ESTABLISHED COUPLES as WITH BORING JOKES:
as BERMUDA _ © as BERMUDA ‘
«e..for sure and as ESTABLISHED COUPLES
o as BERMUDA .
. WHICH WOULD YoU PREFER: A OR B?B .

-

] <
Optlon A is a compromise wolg ad (best on one dimension, Géféﬁ on the
other): Option B represents a Qagéle with .a 90% chance to get an advertise-
ment that is best in both dimensions and a 10% chance to get an advertisemernt
that is worst on both dimensions. So long as opticn B is preferred, the
chance of best advertisemeént by choosing option B is adjusted progressively
downward by. MAUD until it becomes so unattractive tt/t/;ptlon A is preferred

For Frances, this happened at the followmng point:

O« Imaglne you had to choose between . , OPTION B g -
and S A 70676 chance to get a
- OPTION A ~ COLA AD that is
O o as WITH BETTER_JOKES_
A 100076 chance to get a as’ FISH AND CHIP SHoP
— COLA AD that is and as PICKUP SITUATION
O as WITH BETTER_JOKES as FISH AND €HIP SHoP . ;
_as_FLiSH AND CHIP SHOP AND a 30o/o chance to get 1nstead
-\ But that is also ) a COLA AD that is |
O as ESTABLISHED COUPtES : as WITH BORING JOKES
X as BERHUDA z as'BERMUDA . . _ .. _
) ....for sure and as ESTABLISHED COUPLES
O as BERMUDA
. WHICH WoULD YoU PREFER: ﬁ OR B9A ARE YoU SURE? YES
<

. Frances had flvé (nOndeleﬁed) dimensions in her preference strugEure,

ggé MAUD had to construct four ¢=5-1) BRLTs in order to fullz investigate
her prefereices. The other three BRLTs are shown next. In each case the
percentages shown in option B are thosSe at wiiich:® Frances started to prefer

option A. . . " . ~ 7
. o . ) A

; L

L : ] i3
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Kel og@:

Imagine you had to choose between _  OPTION B O
and R A B0o/o chance -to get a . =
OPTION A ‘ COLA AD that is \
o . as INVOLVING O
A 100o/c chance to get a as PARTY
€OLA AD that is s and as UNINTERRUPTED SLOGAN g .
as INVOLVING as PARTY O
as PARTY - AND a 2Uo/0 chance to get 1n°tead
- bot that is.also . _ . a COLA AD that is f,
as INTERRUPTED SLOGAN as NOT INVOLVING @)
as BERMUDA as BERMUDA |
. for sure and_as_INTERRUPTED SLOGAN 1
3s BERMUDA O
WHIH UOULD YOU PREFER: A OR B7A ARE YOH SHRE? YES :
, IS,
Imaglne you had to choose between . OPTION B ] <
~ and A YOo/o chance toget a . C)
OPTION A - COLA AD ~ that is
L , , ' &s APPEALING TO BOYS AND GIRLS L
A 100o0/0°chance to get & as PARTY O
COLA 'AD that is and_as_ INVOLVING
as APPEALING TO BOYS AND GIRLS as PARTY - - Y~
as PARTY . . : AND a kOo7/0 chance toc get instead @)
but_that-is also a COLA AD that is_ _ _ )
. as NOT INVOLVING as APPEALING TO BOYS ONLY . o
/ as BERMUDA ) : as HAIR : O
... .for Sure and as NOT INVOLVING ,
S &s BERMLDA .
WHICH WOULD You PREFER: A OR B?A O
RN
. - L - A4 IR
Imaglne you had to choose ‘botween OPTIQQ @77 :
and - - A 80o/c chance to get a : . P
OPTION A COLA AD that is | O
S - as INVOLVING
A 188070 chance co get a - as PARTY =
COLA AD that is - “and as WITH BETTER YOKES 1O
7 as INVOLVING as FISH AND CHIP SHOP -
as PARTY *  AND & 206/0 chance to get instead | ~
but that_is also. a COLA AD that is &
as WITH BORING JOKES . as ‘NOT INVOLVING . :
as BERMUDA as BERMUDA ~ =
- . ...forsure and s UITH BORING JOKES ;O
< s as BERMUDA , -
WHICH WOULD YOU PREFER: A OR B?ﬁ . ARE YOU SURE? YES ‘(s
14 . < % ,

Al



.b <
1
o4 Tha;,;s,tbe end of the 99§§E109§ﬂﬂeeded t : O -
- investigate your preferences among the : . b
& €OLA ADS under consideration. , o I
Oy, o S 7

MAUD then glves the usii a summary; Similar to that deseribed in sec-
ticn 2: 9, except that value-wise importances (relatlve ‘weights of attribute

- - —=

dimensions,; calculated from the BRLTS) are included, as are the preferencen
values for the choice altexnatives. preference value of 1.0 indicaies thaL

an alte—natlve is at least as good as all other -alternatives _on all dlmen—ﬁri.

Tz e

sions; whereas a preference_value of O. 0 -indicates that an alternative is at

least as’bad as all other elternatlvesron all attribﬁte ¢imensions. Inter-

mediate valies mag.be lnterpreted prokfata ) ‘ N

Theasummary MAUD ngVLded for Irances at the end of the session from

) whlch the above exafiples wore taken is vcprodu*ed below:

xexx  SUMMARY FOR FRANCES SECOND SESSION *kxxx

COLA ADS_UNDER CONSIDERATION N

N & v

(1) PARTY - B -
PREFERENCE VAL!F. = .75 . o ‘
U CURRENT PREFERENCE ORDERING (FROM BEST TO -
ST WORST sPREFERENCE VALUES ARE GIVEN IN BRACKETS)
(2) BERMUDA e
PREFERENCE VALLE = 275 BEST . .

7 PARTY( ®8) -« : /
T ' FISH AND CHIP SHOP( .38 ) o o
(3) HAIR HAIR( _.3L )

PREFERENCE VALWE = .30° BERMUDA( :28 )

‘;' WORST \
(W) FISH AND CHIP SHOB_ | R a
PREFERENCE VALUE = .377 #8% END OF SUMMARY ###

ATTRIBUTE DIMENSIONS USED . . 3
i ' P
(1)  PICKWYF SfTBATiON (1) eeaeaaTOonneennnns ESTABLISHED COUPLES ()
IDEAL VALUE = N
RELATIVE IMPORTANCE 0%k : .
@) WiTH BE%’;% JOKES (L)::::;;fb;;:;;;;;;; UI%H‘B@RING'JéEES (M
< . IDEAL VALUE = 1 o , 7
REL ATIVE IMPORTANCE = -079
(3)  LIFFERENT SLOGAN (3)...... TOeeannnnnnn DIFFERENT FORM OF JINGLE (%)
(RATINGS CANCELLED ON_THIS SCALE) : : :
(AFTER TRYING TO CLICIT IDEAL POINT) ‘ .
. 15
¥ o4

2N



‘

(W) UNINTERRUPTED SLOGAN (m).:....Tc.;.:;;:};;‘iﬁTERRHPTEp SLOGAN ()

s TDEAL VALLE =
RELATfVE iENPORTANCE -[J?‘i

3 R « ’ K ’ +

(5) nORE ExcszNa (L) ..... T0:::::::::: LESS EXCITING ()
IDEAL VALLE = R R T

(DIMENSTION CANCELLED BECAUSE OF SIMILARITY WITH DIMENSION k. )
&) -LACKING ACTION (L).;:::ﬁfé:;;;; ..... £OTS OF ACTFION ()
 IDEAL.VALLE = )
(DIMENSION CANCELLED BECAUSE OF SIMILARITY WITH DIHEVSEON 5 ) .
(7)  INVOLVING (1ye:eczi:TOiziassen- NOT ENVOLVING GH

_ IDEAL VALUE = 1 ] B
RELATIVE IMPORTANCE = .4ud -

B) APPEALING TO BOYS ONLY (B)eeeeee T0...-.:.2.. APPEALING TO BOYS AND GIRLS (%)

"IDEAL *VALUE = ? -
RELATIVE IMPORTANCE = .357,

R U

RATINGS OF COLA ADS ON ATTRIBUTE bfﬂENSION%

COLA_AD. 3y 2 3 4
ATTRIBUTE :
. DIMENSION N
[£) " 1:00 k:0D 5.08 2-00
VALLE 75 .88 .25 1-00
T ) Nl
@ 3.00 ?-00 5-00 2-88
VALLE .80 00 40 1.00
(3) - »§.g0 5.00 5:00 3- .o
(RATINGS ' CANCELLED)
ay 3.00 9- 00 9:00 9-00
_ VACtE 1.00° 00 -00 B0
(5) 1.00 &.60 4.00 9:00 '
' .VALUE 3-00 .00 =40 <40 ,
((RATINGS CANCELLED BECAUSE OF SIMILARITY:TO & ) ‘ ;
(k) 7.06 2.00 5-00 4:00 )

'VALUE 1.00 :00 -0 .40 T ,
(RATENGS CANCELLED BECAUSE OF SIMILARITY. TO & )
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(»  1:00 .00 3.08 u4.08 ;
VALUE %.080 .00 .bO .HO ’

(8) L-00 5:00 A:00 3.00
VALLE 1.00 .75 .00 .25

o

2:11 When the user thinks that he or she has &one enough at the ses-

SlOn, MAUD will allow him or her tO save the data.

_. | Do you uwant to save all this information 7 YES ' o t
©) o - O
O} FILE NUMBER FOR DATA? . o Q.

m . - | .

— . - IS

[

ed on a MAUD tape Data from each session a}.”%z..__;_~

Elqht MAUD sessions can be save

stored in four files. The file rumber for storing a session's results must

be 4, 8, 12, 16, 20, 24, 28 or 32. Flles may be reused at will, but each

‘time a file is reused, the data from the Sessidn prevxdugiy stored in that

file are overwritten with the data from the new session.

2.12 MAUD - ends :

-

o

Notes on MAUD Operation

1. Press the EXECUTE key after every entry. MAUD will begin to process
information only after the key is pressed. Pressing EXECUTE indi-
cates terminatlon of entry.

2. When a typlng error OCCUrs before the EXECUTE key is used, “the user

can makeiggggeeticns by using the backspace key (<) Press once for
every character to be deleted. The user can then proceed to over-~
write the error. However, if the EXECUTE key has been used leave

the error for now and Carry on; MAUD will; also allow correctlons at

the erid of every procedure.

3. MULTIATTRIBUTE UTILITY THEORY RELATING TO MAUD
3.1 oOverview

- ThlS part of the report describes the ratlonale and operatlonrcf Multi-:
attribute Utility Decomposition (MAUD) within the context of Multiattribute ;° -

Utility Theory (MAUT). In Section 3.2 we introduce MAUT as part of the - 5 .
multilevel decomp051tlon-?ecomp051tlon scheme used within decisicri-theoretic
- fiodels.?

. . o
Mvch of the fiaterial in this section is abrldged and develcped from that

presentea in Humphreys (1977), to wﬁlch the reader is referred for further

discussion of the general issues raIsed here. ;

17
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Sectlons 3.3 and 3.4 review the MAUT 321omat12atlons of decomp051ticn

of outcomes (terminal events) within this scheme adeguate for riskless and

risky ch01ce, respectively. MiUD adopts various Soliitions upon detection

of violations of the assumptlons involved in these axiomatizations, and

each Solution 1is discussed in the .section reviewing the relevant assumptlon.

Section 3. 5 dlscusses the mapping rules transform;ng the data input to

MAUD by the user (fﬁtlngs on attribute dlmens16ns) into a form suitable for

Use in the composition rules used within MAUD.

Finally, SECthn/B 6 provides an evaluat;on of ché algorlthms lmple—

menting the composition rules used within MAUD and gives a comparison with |

some algorithms not currently inplemented within MAUD.

Y
3.2 Multiattribute Utllltygiheory as Part of a MultlleveL
Decompos&t;ongRecomposltlon Scheme

One way of conceptuaILZLng a person's behav1or is in terms .of a sequence

of 1dent1f1able acts: Each act is SPECLerd in terms of its occurrence: In

tHe decision analytic approach, It is assumed that each act is chosen by a

* person; the decision maker, from a set of possible acts. The question, "On

what basis was a partlcular act chosen?" requires, for an answer in formal

terms, a décompos1tlon under a speclfied axlomatlc system. MAUT axiomatizes

s further decomposition of the decomposition of acts into possxble outcomes

provided by the joint axiomakization of utility and subjective probability
known as Expectéd utility (EU) theory (Savage,; 1954; Luce & Raiffa, 1857) .

MAUD is a system providing the t& hnology required to (3) implement this de-

composition in interaction with the decision maker, (b) elicit all _inputs

N - =

reguired in aecompcsed form,; (c) check such iﬁpnt for possible viglations

of MAUT—préscrIbed assumptlons (and take appropriate action upon discovery

of a violation); and (d) apply the appropriate MRUT—prescrIbed composition
rule in establishirng holistic utility assessments. The multilevel

décomposition- reccmp051tlon scherie, within which MAUD 1s embedded, is as
- follows:

recompesition to Level 1: ChbieéghlterﬁaﬁiGéé

The first step in this decomposition is to specify the set of choice

alternatives. These are usually identified as & set of terminal acts, OF

consegquernces foilowlng from those acts (outcomes); within a decision tree

(raiffa; 1968; Brown, Kahr, & Peterscn, 1974). There can be problems_in

the 1dent1f1catlon of _such terminal acts (Brown, 1975; Humphreys, 1980),
and, of course, they are not really terminal. The meaning of "terminal”

here is thiat one is not prepared to decompose the conseguences of such acts

fgrther through extension of the event-act- decision_tree. Utilities must

now be 5§§ignedrdlrectly to all terminal ac*s (outcomes) ; and expected
utilities must be computed for potential immediate courses of action through

the aoollcatlon of the appropriate EU composition rule. There are three
wavs in which utllltles may be assigned to conseqnénces of terminal acts:

18 -

O

ERIC

Aruitoxt provided by Eic:



’

1. Through holistic utility assessments at level 1; that is, the

qtiéitigs of the outcomes are assessed directly, without further

decainposition: -

. D - - R e - T Sl
2. Through the assessment of value™ gy terms of some variable believed

to have a coricrete, measurable existence in the real world and to

be coextensive with utility; for .example, moriey: Value is mapped
into utility through the tse of a mapping rule assessed previously

for that decision maker: his or her utiligy functioch.

3. Through the use of a MAUT @ecomposition Of the utilities of the

choice alternatives irnto multiattribute form.

 MAUD will be of interest only to_those who-Have adopted strategy 3 in
assigning utilities to consequences.of terminal acts-

»

Deconiposition to Level 2: Multiattributed Outcomes

The choice alternative to be decomposed to level 2 may pe specified in

Eitﬁgr of two ways: under the assumption of riskless decision making; or

Wider the assumption of risky decision making. . The technology employed in

MAUD is, appropriate for use in either case; but the theory is presented

Separatély fcrfggg two cases:

S S TS
Under riskless,dec1$1onrmak;qg;ﬁ§§§7§§c1510n maker is assumed to be.
able to specify with certainty the outcomes (consequences) assotiated with

each course of action. Hence, identity rules are suitable for mapping be-

tween outcomes and choice alternatives. An example of such mapping follows:
"
Choice alternative: Hire an unspecified car from Rolls Royce Car
Hire, Ltd., rather than from sofie other car
. hire firm. :

Oiit cote i Drive a Rolls Royce (P = 1.0)
B CF T P S
Under -risky decision making, the decision maker 1s assumed to be able

to specify a probability distribuation over the outcomes associated with

each choice alternative. Mapping between cutcomes and choice alternatives

requires the use of a composition rule, usually based on the expected _
utility principle (Fischer, 1972b, p- 30) . Under this principle, if the
. sot of choice alternatives is denoted by (A1, Az, Ay, Ay}, and the set of
ovtcomes under consideraticn by (X1, X2, X3, ¥m), then the EU of the kth
_ alternative is given by the cemposition rule:

:

m
EUR) = § P UIX)
EU(A) EV P UXy)
j=1
where P3y is the probability of the choice of alternative Ay resulting in

- oascome xj. i

O
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" An example. Gf a sitoation iéqﬁiring such & mappiﬁé is:

«

.

’Choice aiternatiVé k: lee ari unspecified car from Genetal Car Hire;

Ltd., rather than from some Dther car hire

firm. . . ot

outcome : (1) Drive amini - . (P = 0.70)
or © (2) Drive a VW (Pok = 0:25)

or (3) Drive a Jaguarriﬂir (P3k = 0.04)

or (4) Drive a Rolls Royce (P = 0.01)

-~

It_is lmportant to remember that, glven the exxstence of a decompoSLtlon

to level 1, the further decomposition to lsvel 2 is performed on the set of

outcomes, not on the set of choige alternatives. In rlskiess decompoSLtlons,

'decomp051t1on of outcomes is identical to decomposition of ch01ce alterna-

tives, but in risky situations; it is not. . . i

- . ‘-

Fischer 61972a) and von Wlnterfeldt and Flscher (l975) have descrlbed in

detail the decomposition to level 2 prov1ded by +sMAUT from a conjoint measnre—

ment point of view. The MAUT axiomatizations of this decomposition are out-

lined in sectlons 3.3 and 3.4, together with discussions of various_ solutlons

that can be adopted in appllcatrons of MAUT when assumptions: neces¥iry under

MAUT axiomatizatiocns are found not to be met, ‘and descriptions of the way in

whlch MAUD lmplements particular sclutions..

3.3 MAU?;Ax;omatIzatlcn of Decomposat;on of Outcomes to LeveL42
Adequate for Riskless Choice

This . decompoaltlon aepends on the assumptlons of connectedness and
transitivity of choices {Arrow; 1952; Fischer, 1972a) fundamental to all

thecries of rational choice, togethef with certain crucial monotoWICLEy

-

and lndeﬁendence assumptlons discussed next. P , v,
_ S / J . -

3.3.1 Monotonidity Assumption ‘ N -

Given the adoption of an ordered scaling metric descrlblng po51tlons of
attrlbutes on dimensions, the\monotonICIty assumption requires that the

relevant attribute dimensions becscaled in such a way that-

xij > xik iff f(xij) > f(xik) ) B

6

where Xj. is the 1thfattribute of outcome X, and f(x ) is a numerlcal Scale
value. representing the utility of xi ij @n attribute’ dlmenSIon 1. The > derictes

"js preferred at ledst as much as;" and > denote§ "is numerlcally greater
than or equal £c": that ls, on..each attribute dimension, larger numerical }
values should imply greater utility, or Dart-worth, ofi that difension:” ~ °

" Use of a scallnq metric is simply a dey&ce to allow the use of numbers

to represent preference orderings. (Beals, Krantz, & Tversky, 19@82 This

device is used here to simplify the discussion of algorithms implementing .

.' -
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composition rules in appllcatxons of MAUT. The MAUT aXicmatlzatIon is con-

. .  cerned funga@entaliy with relations -between preggggnce orderings; not rela-
tions between scale values. Such scale values . r present an, interpretatiom

of ordered relations. g

When scated values as obtalned do not représent this 1nterpretatlon,

mapping technigues such as those descrlbed in section 3.5 may be employedr

to rescale the values in such a way that the mOnOtOnlClty assumptxon is met.

ar .

I

4:3.3 Value-Wise Independence Assumption,

-

Raiffa (1969) describes how to. speC1fy this assumption in ter%s of Weak

Conditional Utlllty/}ndependence ‘(WCUI) ; which states that preferences for

. values on any attribute dimension should be independent of constant vatues
. on all cther attribuote dimensions. Such preferences are called conditional

preferences. This assumption is egquivalent toithe single cancellation as-—

: - sumptlcn in conjoint measurefient theory {Krantz, Luce, Suppes, & TVersky,

1571) and, taken together with joint independence__ (section 3:3:3); is some-

times called preference independence (Fishburn & Keeney, 1975; Keeney, 1974;-

Keeney & Ralffa‘01976) It is usually tested by checklng n-WCUI, that is,

)’f - performing 1-WCUI checks. oyeriall n attribute dimensjons, where I~WCUI
. represents a check to dstermine if (any) one attribute is WCUI of}all others

(Raiffa, 1969 von Winterfeldt & Flscher, 1975) ; / The notion of #hdependernce

contained -in WCUI is weaker than that contained in notions of statlstlcal

lndependence. Hence tests of statlstlcal 19dependence are too strong. How-
ever, théy may be used to 1nd1cate the ‘possibility of a viotation ;of WCUI.

Hernice such a check is used by MAUD as a guide for further actions, as “de-

scribed next. . . .
N I .

Failure of n-WCUI Checks in Applaeat%cns of MAUT. Given. fallure of

' A~WCHT checks, one has two (iegitimate) options open: _(a) récognlze that

g -

) no total’ decomposition model is adequate within the ex1st1ng structure and
opt for a partial decomposition model, or (B) keep the total decomp051tlon

model and reorder the attribute diriension strocture in such a way as to

eliminate (or at least, mlnlmlze) vxoiatlon of n-WCUI between the reordered
attribute dimensions. . . /

K “ The consequence of optlng forra partlal decomposition model ‘is that. one

has to repeatedly ‘search for dimensions exhibiting l-WCUI,Veach time sub-.

stituting values of the 1-WcUI dimensions for values on all the non-WCUI

. dlmeneicns (Raiffa; 1969). This procedure may requlre the constructlonrof

) ’ a large number of indifference curves to be able to perform thg-necessary

substltutlons.? The result is an exponentidl jincrease in the ‘number of as-

sessments requIred before one can baqotstrap the decision maker by ogeratlnéﬂ

- the composition rule, and, as von winterfeldt (1975; p. ©€5) Sild "This may’
be too much effort. : - \

The alterndfive of Keeping the total decomposition model means that an

2

additive composition rule is still approprlate, and the*efore fewer assessments

~ —_—
.

3See MacCrimmon and Siu (1979 E. 094) and Humphreys (1977, section 2.3:1)
for. details of the proceduree invoived. oo ;
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need to be made before operating the rule: . However, decision aids, such as

-MAUD; that opt for this approach must contaln fac111t1es for aiding the

structural reordering that may consequently become necessary during an

Con51der the examplé of a decision maker who wants to buy a car and\

whose mg}tregtribute representation of the cars under consideration ‘(Rover

2600, Citroen CX; Skoda Estelle, Renault l4) is based entlrely on notions

of speed, comfort, and financial disincentive. _Suppose the elicitation pro-

cedure resulted 1nrattrrbute values {data) on the four dimensions shown in
the extract MAUD log reproduced below, D%

13

i. siow (1) SlliiiEliiiimaiieess O eeceennn (9) fast
5. ancomfortable (1) eecesessiss tO siiei.an (9) comfortable

3. costs a little (1)  -ecee... tO w.u..ii: (9) costs a lot- o

4. makes a big hole (ii Lulliii O ieeene.. (9) mERés a little hole

7 in my béhk account : T in my bank account
: . .

T L Bt T I Tt T S e
srid thHat the representation of his or ner preference  structure was as follows:

: v
. B f" -
r é?* ,éin ,é‘ ~
o~ & &y ot
o § 2 5
. score on 2 e o F‘ ideal point on
- o attribute dimension § G’ : é? - attribute d:.mens%e& .
; 1 Telala|s/ 5
2 9 9 1] 6 9
3 7 8 1 5 1
i S
4 - 3 1 g:| 5 9 oo ‘

Checks for- statistical lndependence would reveal that ratings on dimen-

sions 3 and 4 are highly correlated but would also reveal that ratings on

dlmen51ons 1 and 2. are highly correlated (the faster cars under COn51deratlon

—

s were also moze comfortab}eli;iThe source of the latter CorrelatIon lies_in
1 the.external world--the structure of the autpmoblle industry and its matket-

rng pOllCléS——nOt the 1nterna1 ‘worth structure of the individual, for whom

speed and cdmfort are almost certainiy value—w1se 1ndependent

'

. ’ MAUD dlsamblguates this 51tuatlon by first using a statlstlcal check1ng~

procedure to ﬁéﬁitor potenitial failures of 1-WCUI between each new attribute

dimension and evéry Other dimension already in the stricture as they are

: ‘elicited from the decision maker. Shculd the statlstlcaI check fail, the

offending pair of attribute dlmen51ons i¢ presented to the dec151on fakes ;

4
Qo
ek,
( |
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and & thought cxperiment is then condiucted between MAUD and thk decision

maker to see if 1-WCUI has actually been violatéd.4 1If it has, the decision
maker is prompted to supply a new attribute dimension to :ep}gcgiﬁhgiéffend—

irig pair, and the Structure is then reordered by accepting the new dimensicn

and deleting the offending pair, providing that assessments. on the new di-
mension Subsequently Dass 1-WCUI checks: . - .

- - - . / - . N
B In the example, MAUD would check the correlation -between ratings on_ di-
mensions 1 and 2 as soon as ratings had been elicited on dimension 2. Fing-
ing a high correlation between the two sets of ratings, MAUD would proceed
with the thought experiment as shown in the,fdllcwiﬁg printout: .

N R - i <

o

O Your preferences for the  CARS o

under consideration in terms of their ratings on the scate
=\ ranging from SLOU L to FAST .
O | seen very much the same las your preferences for the
CARS e in terms of their ratings

o

on the scale ranging from  UNCOMFORTABLE *
to CEOMFORTABLE = o S
. Does this mean that these two scaleS mean similar things
®) " to you 7 NO :

C){ .
Q

.

O

ok , | R
) ’ 4 N

Because in each case WCUi survived (although statistically iﬁéeQE@éénCé

did not), MAUD proceeds with the elicitation of dimension 3. Ratings on
dimension 3 correlate regatively with ratings on dimensions 1 and 2; S0 no
thoaght experiment is pexformed, and MAUD proceeds with the elicitation of

ratings on dimension 4. Finding a high positive correlation between ratings

o+ diferisions 3 and 4; MAUD proceeds as follows: -

C .

o - : : : L

Your preferences for the CARS , }

Under consideration in terms of their ratings on the scale

ranging from COSTS A LITTLE - , “to COSTS A LoOT

seem very much the same as your preferences for the

CARS. ~ . . in terms of their ratings

on- the scale rafiging from . BIG HOLE IN BANK ACCOUNT

_to LITTLE HOLE.IN BANK ACCOUNT  _ _ _ °

/ Does this mean that these tup scales mean similar things -
to you ? YES ‘ :

O 0 O O

_— . ) R e «

4. .o ,7 o Sz - e e LD
MAUD's procedure has_the advantage that fewer questions need.be asked than
in conventional 1-WCUI checking and that it leads .decision makers to betieve

that the System is,intelligent because it asks questions, only in suspicilous

circumstances. &
- ~ : :\
h
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K Plrease type in a wor'd (or phrase of not more th'a’n’

thr‘ee words) which has the same meaning_as _both

COSTS: A LITTLE . and LITTLE HOLE IN BANK ACCULNT
Your new word(s) S . \
CHEAP P

AL . 5N . " ( P \1

\ Now pleas i:ybe in-a werd (or phrase.of not more than

three wor ds) which has the same meaning as both

COSTS A LDT ., © and BIG HOLE IN BANK ATCOUNT
Your new WOI"d(S) : ,
EXPENSIVE

»

EXPENSIVE:) N

s

{MAUD then proceeds to elicit ratings of cars on the dimension CHEAP to

Hence dlmenSlOnS 3 and:4 xre deleted from the structure and reblacéd by

d1me1s10n 3'; expensxve .. to_ ... cheap. WCUI is restored,!and MAUD may

now continue with the elicitation of the rest of the structure.

- 3.3. 3 Jeinteludependence Assumption . L .l

When n—WCUI is Satleled, a final general lndependence assumptlon must

_ be met. This assumptlcn is called joint independence. In formal terms, a

set . ofiagtribﬁtes is said tolf Jointly independent. of the rest if the . .
preference orderlng of outcomes,thIch varies only in these attributes, re- ¥
mains invariant for any fixed levels of the remaining_ attributes. Von Winter-
feldt and Fischer (1975) state that v101at;9ns Qﬁ-jOlntalndependence ln con-

ditions in which n-WCUI is Satlsfled are typlcally subtle in nature and hard

to f;nd Théy give the exampIe’of someone who works in a 1arge city and wants

th rent a house or apartment. Conslder this persor's preferences when con-
fronted thh +he two situations shown _in Figure 1, differing only in whether
there is a hlgh -speed transpQrtaticn system sltuated nearby.

Sutcomes on the three attribute d:mensions

In each s1tuat1;ﬁ, the values in the cells represent the values of the o

Von WLnterfelot and Tlscher explain the sw1tch in preference ordering .

of outcome B and C between the two s1tuat16ns \VIoiatlng joint lndependence)
as fodlows:

!
o

L1v1ng on- a farm in the country seemed t0 us- very attraceive; and

tHe Ilong car ride to work d@d not: matter with the convenience of

the nlgh’SPEGt tlansoortatlon sysbem With no hlgh speed transportatlon

~
-

_ v
I

Note atso that. the q=§éssment procedure used to establlsh the decision

maker's value-wise importance weights for attribute dimensions ‘desczlbed

in section 3:6) is ordered By MAUD into a,hierarchy in‘a way that mlnlmlzes

the distortion introduced in any reslduaI value-wise nonlndependence that

was not detected by the I-WCUI checks : 5

24



system, the shorter ride from the apartment outweighed the benefits
of living on the farm.

Situation l Situation 2 )
outcomes (dwellings) attribute putcomes (dwellings)
dimensions B
R A B c - —b— A B - C D
i Fm | Ap | Ap |  type Fm | Pm | AP | Ap
: 20 | | 20 time to drive: 20 20 |
min | lhr | min | 1hr 5 car to work min { 1hr | min | lhr
o hlgh spee§7777 e
YES | YES | YES | YES transportation NO | NO | NO | NO
- - system nearby : - —] -
1 2 3 4 . ORDER OF. .1 3 -2 4
PREFERENCE ' <

4

+ Figure 1. Two situations involving preferences for outCOmes where

! " the - preference orderings violate joint Independence

(after von Winterfeldt & Fischer, 1975. Fm = Farf;
Bp = Apartment) : .

I N l S
.

. ' Failure of Joxnt Inéependence Checks in Appllcatlons of MAUQf 7§}yenr

rrallure of jolnt independence checks; one has the sqmeytwd“options ‘opben sas

2 " in the case “of falbure of n-WCUI checks: (a) recognize that no ‘total de-

-~ composition model 1s adequate within the -existing structure; or (b)..keeb

R the total decompo§ltlon model and ‘reordexr the attribute dimension structure

in a way that eliminates the violation of jolnt lndependence

_ v o
If one retain”the Orlglnal structure,_a total decomposltlor is ;977"7

: theory still possi¥le.” This total decomposltlon is desScribed by von Winter-

feldt and Fischer's (1975) .model 1.3.~ However,, .such a total decomposition

- is iradequate because no comPOSLtlon rule is prescribed axiomatically  for

this decomposition, and an optimal soiutlon requires a mlxture of admissi-

bility and sensitlvity analyses on the appllcatlon of a wells schosen: selectlon

. of composltlcn ruleslA - ; ¢ L Co ‘.
AN s . )

» The lnformatlon requlred fcrascertaln that any SOluthD on these IInes

is usually rist available; so MAUD opts for a dlfferent sslution; that pre-

: viously described by Humphreys (1977 section 2:5.2) as the 'constructivist”

ey >

R soiutlon. . . B
. “

This solution gives Primacy _ to the MAUT ax10mat12atIon bver thé data

and seeks to modify the output of the attribute elicifation procedure so

that the modified attributes extiibit joint independence: In ‘the example

jJust.-used, the absence of a high-speed transportation system (situatlon 2)

resulted in dimension 2, "time to drive car to work ;" increasing its value-
wise important weight over dimension I, ‘"type of dwelllng (farm or apartmeﬁt)

Why? . 7
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. Dimension 2 may be assumed to extend between these two poles:

a
-

. Pole P Z Dimension 2 o Pole Q'
: Dimension 2 .
= long time to drive | s shortitime to drive
_car ‘to work . | car towork

.

For attributes to be scaled in any metric on a dlmenslon, the pcie names

of that dlmenSlon mast be Superordinate ‘category names,rthat IS refer to

poles superordlnate to their predictive attributes® or lexical entries (Bruner,

. Goodnow, & Austin, 1956; Katz & Fodor, 1963; Humphreys & Humphreys, 1975) -

“For each Ppole, the set of lexical entries. deflnes its meaning (Katz & Fodor,

1963; Anderson & Bower, 1974) In situation 1 in the dwellings example ,’

. il =TT

pole: P contains the lexical entrv "Sut not for me;" because; in this situa-

tion; the decision makey would take -the high-speed_ transportatlon ‘system.

“YIn situation 2, pole P corntains instead thé lexical entry "for me," because

there is no option but to take the car. Hence, what is happenlnq in this

V161at10n ?f joint independence is that pole P changes in meaning.

The construct1v1st approach would assume that 1n the situations descrlbed

in the exampie, the decision maker was really construxng the decision situa-

tion through thes use of an attribute dImen51on defined in-terms of these two

poles:’ , b
' pole P' _ Dimension 2° : Pole Q'
e -| long tlme for me to Lo - . short tlme for me
, _ - . to SoITN
- . travel to work T to travel “to work

. ‘4 7
The reader is 1nv1ted to verlfy that, attrlbutes scaled on dimensions I

and 2“do not v1olate jcint Inaeﬁéhaence for any fixed level om dImensyon 3,

MAUD can pick up v1olatlon of jOlnt 1ndependence through detectlng in-

coherenCe in the resulting assessments reguired;in the lotteries required

to establlsh value-wlsé importance weighks (described ‘iri sectiom 3:6).

(2

. - . However; the User w1ll bften spot a axmen51on changlng its.ﬁéahihg as *

ratings are ellcfted and take approprlate actlon in interaction with MAUD

before Proceeding in the development of His or her preference. structure.

_Tre féIIcwxng is a simulated example GOf this' action happening during a MAUD

: run, based on the von Winterfeldt and Fischer example:

[

G- —— - e . o, - e
Note that these attributes define poles; not outcomes. .

o ' - T ;
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You have considered 4  DUELLINGS
DUELLINGS: inder consideration

FARNE

FARMZ _

APARTMENTY
APAFTHENTE

£ U e

It should be p0551b1e to “give each DWELLING

a rating from 1 to 9 according to its position
on the scale

HST SYSTEM NEARBY

T Your rating of FARNT

2 Your rating of FARM2 __ .
3 Your ratlng of APARTMENTL
4 Your rating of APARTMENTZ2
5§ to Are these ratings OK 7 YES
b

5

3 ——
q

N

0 HST SYSTEM NEARBY

Thinking only about the scale belows what position

on:the scale would you like most of all for
& IDEAL DUELLING
HST SYSTEM NEARBY

Your best possible value is : 1
to

fs this alright? YES

NO HST SYSTER NEARBY o
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o

( O

a O ()\'

.
(1) FARME
(e
¢ 3

O O

C}: O

=]
3
y
5
. b
) 7
a
!
L

can you specify a way in which one of these

) FARML
y  APARTMENTZ

is different from the other two (in a way that matters .

to you now)? Please answer YES or NO YES

- — —

What -is the number next to the DUELLING

that differs 7 2 _ . '

You have said that FARML
is different from: : e
FARM2 and APARTMENT2

In not more than three words each time. please describe
how the three differ from each other.

First describe FARMY o

FARML = oo is * T

SHORT DRIVE TO WORK '

On_the other hand-

FARME : and APARTMENTZ are:

. LONG DRIVE TO WORK

Are you reasonably happy with this description ? YES

It should be possible to give each DUELLING

\ a rating from 1 to 9 according to its position

on the scale =
SHORT DRIVE TO WORK - -
1 Your rating of FARML is

1.0l Dl

Your rating-of FARM@ is
Your rating of APARTMENTL is
: Your rating of APARTMENTE is
to Are these ratings OK 2 NO

L
-
“
.
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You can
és (I Cancel this §gale (and alf ratlngs on it) éj‘
* ¢ 2 ) Change your ratings on th1s scale "
tj “yhich wouid yoa like to go? —-\»“f;/f 7'65

‘Please type jn s or 2t 1

) .

Can you specify a way in which one of these. y

0

an
(L ) FARML _
( B ) APARTMENTZ
( 3

()ﬂ‘

) FARME

.

O
O
tj ( is different from the other two (in a way éhat matters
O
©

@)

to you now)?  Please answer YES or NO ‘YES
What is the nu‘/er next to-the DUELLING : A ¢

that differs 21 : . | C (ﬁi
You have said that FARML + O
is different from : . - , ‘
_ APARTMENTZ - F - - and FARME . O
In not more than three words each times please descrlbe X ’
how the’three differ from each other ' Cj'
First describe FARML )
FARMY is :
v | SHORT TRAVEL TIMEAIQAQQRK 7 Cj
. On the other hapds . e : ¢ -
APARTMENTZ : and FARMZ: are: 3
[ O

LONG TRAVEL TIME TO WORK o . S
. Are you reasonably happy with this description ? YES
£

~

5.3.4 Additive Composition Rule from lLevel 2 to Level 1 Under Riskless
Choice

If the assumptions descrlbed in sections 3.3.2 and 3 3.3 are met, the

following additive conjoint me asurement model may be appl;ed as the composi-
+ion rule from léVEI 2 to level 1 (model l 4; von Winterfeldt & Fischer,

1975) : .

v

, n n
Xj 2% LEE i) = Pog ) Erf;(xii) = F{ j()

29
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Here, f;(x;;) scales the utility (part-worth) Of outcome X; on attribute

dimension 1. Composition from level 2 to level 1 1s achieVed by summing
the £;(x;s) over all n attribute @irunsions present in the decomposition

. T AT T - B S rialird
T at level 3,, However, MAUD uUses the slightly different additave composition® .
rule described in section 3.4.4, for the reasons also discussed in sections
+ 3:4.2 and 3:4:3:

¢

L e 'h‘, . R
3:4 MAUT Axiomatization of Decomposition of Outcomes
to Level 2 Adeguate for Risky Choice

-’

-

'The, decomposition to level -2 described in section 3.3, while adequate

for the specification of an additive conjoint measurement model under con-

_ditions of riskless choice,-is, pnfortunately; not sufficient to guarantee
the use of an additive composition rule under risky thoice. There are now

R ' two major requirements that must be satisfied in addition to those req
for the axiomatization of MAUT under riskless choice: These are (&) the

satisfaction of the "sure thing" 'principle; and (b) strengthening pf the

value-wise independence assumptions.
3.4.1 7The "Sure Thing" Assumption o

r _under risky choice, each choite alternative is conceptualized as a
probability distribution over a set of outcomes; that is, as a gamble. The

sure thing principle, or Savage's (1954) Independence Principle, requires
that prefererices among ganbles should not depend on the values of outcomes
that are constant in a subsét of events. It Is essential that this require-

mont be met in the EU axiomatization of decomposition from level O to level 1.

 The sure thing assumption:is not a MAUT axiom in itself. However, be-
‘cause applications of MAUT involving risky choice require decompcsition to

level 1 before application.of the MAUT-axiomatized decomposition to Ievel 2;
it is important to discuss the consequences of failure of sure thing checks

st level I on attempted MAUT-axiomatized decomposition go level 2.

. " pailuré of Sure Thimg Checks in Applications of MAUT. There are three
- approaches to the decomposition to level 2, given failure of sure thing
. ' checks: ostrich-like behavior, resaxiomatization; and forced decomposition
under an EU axiomatization. -

The rationaie for the "ostrich solution” is as follows: Because the

specification of the outcomes to be decomposed frow level 1 to level 2 de-
pends on the structure of the decomposition to level 1, why can't we re-
arrange the level I decomposition (decision tree Or whatever) in such a way

that each terminal act is-associated with certainty with a particular out-

. come? Then, the réarranged choice alternatives (terminal acts) can be de-

composed (e.g., by using MAUD) under a riskless MAUT -axiomatization; which
does not require sure thing checks.

- This ostrich-like solution consists of burying one's head in the de-
o composition from level 1 to level 2, Sc thaf one camnot see what is going
on in the decomposition to level 1. Apart from all the problems involved

in specifying terminal acts (Brown; 1975; Humphreys, 1979), choice atternatives
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are conceived in terms of immediate courses of action, and a composition

rule based on an EU axiomatization is required to recompose terminal acts.
into immediate courses of action. Failure of sure thing checks at any point
invalidates this composition rule and hence the whole decomposition-

recomposition procedure; and the excuse, vit wasn't MAUD's fault," does not

solve the problem. The corsequences for app;icatidné of MAUT are both im-

portant and far-ranging. Decisiom amalysts who think that conditions of
riskless choice exist in their decompositions obtained thirough the use of
systems such as MAUD should ask themselves carefully whether they are not

imitating the behavior of ostriches by not examining what their clients
actually interid to do with the resulting preference ordering of alternatives.

~ In the light of this, one might ask why one has to rely on an EU
axiomatization of the decomposition to level 1; without question. Such

reliance becomes necessary only when one accepts that the axioms of decision

‘theory. should be treated on a par with the principles of logic_(e.g.;

Marschak, 1968), that is, as principles that are accepted as,not open to
féjégtidhrfdllQWiﬁg viclation. Allais £1953); Ellsberg (1961), and Slﬁviér

and Tversky (1974) have raised strong objections to the sure thing assumption
being granted such a status because it can lead to some intuitively unap-—

pealing prescriptions about choices and has been found to be occasionally

but systematically violated in studies of subjective choice behavior (Tversky;
1969): If we accept objections such as these, then the solution prescribed
by the failure of sure thing checks is to attempt a reaxiomatization of the
decomposition to level 1, based on assumptions more persuasive on logical
grounds than is safage's Independénce Principle.

‘Humphreys (1977, section 3:2:2) has reviewed several such attempts at
reaxiomatization, which are generally represented as joint axiomatizations
of EU (or EV) and risk. However; none of these attempts has yet met with_
cufficient success and acceptance to form the basis for technolegy to imple-
ment interactive decision aids: <

Hence there is no easy way out of the sure thing problem. One suggestion

{due to Ward Edwards) is that lack of risk preferences can be handled within

the \MAUD structure by eliciting an attribute dimension of the form

1ow risk high risk

£oiding it about the ideal level of risk’ and assigning it a value-wise
importance (using standard MAUD methodology) relative to the other dimensions

in the decision maker's preference structure. There are, of course,; parallels

to Coombs' portfolioc theory of risk in this suggestion (Coombs & Bowen, 1971)
but it should be remembered that here risk is treated as content input into
the preferencé structure (as ratings on an attribute dimerision), rather than

forming any part of the axiomatization of the structure. Hence coherence_
tests for the adeguacy of sich a conceptualization of risk in any particular

B i it D i e nemtding. "
See section 3.6 for a discission of “"folding."
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SLtuatlon ars not available, and lt is: left to the decision analyst to as-

certain that the decision maker's risk preference component of his or her

worth structure for the dlternatives under consideration has been adequately
modeled ln adoptlng this solution. :

3.4.2 ValuCew%seAIﬁaepéﬁdence Assumptlon

Uﬁder conditions of rlsky choxce{ the WCUI and joint 1ndependence as-

- sumptions used in the axlomatlzatxon under riskless choice (section 3.3)

. must be Strengthened to a Strong Conditional Utility Independence (SCUI)

assumption (Raiffa, 1969). Keeney (1269, 1971) and Keeney and Raiffa (1976)

have called this assumption simply utrilty independence. In formal terms,

SCUI regquires that preferences among “multiattributed altérnatxves, in which

a subset of attributes has constant valies across. 311 outcomes; should not -

depend on the particular level at wnich the constant values are held fixed.

1t would be extremely difficult to carry out efficient _and exhaustive SCUI

tests in the applications to which MAUD is likely to be directed.

for appropriate test procedures. It follows from the resuit that when an

n-wcul is satlgfred but SCUI is not, a riskless decomposition procedure

However; there is an- ea51er way out of ‘the Scul problem than searching

may be gsed provrded (a) that the riskless congoxﬂt measurement composxtron
ruie utility  functions £fj; (section 3.3.4) are replaced by utility functions

ul, adegquate for use under risky choice, and (b) thaﬁ a marglnallty assump—

tiocn is met (Raiffa; 1969; Fishburn, 1970) - "

%

MAUD adopts thlS apprcach using a utility runctlon assessment procedure

that yields uj. This procedure 1is desc'lbed in the section that follows.

i ———

However, in doing this; MAUD scsufies ‘that the marginality as,umptxon discussed
next is met. i : -

3.4.3 Marginality Assumption ' (/

In formal terms, marglnallty. also kriown as VaIue independence (Flshburn

& Yeeney, 1974) ; 1s~judged solely on the basis of the marginal probability

distribution over the s’ngle attrrbufe values. ' Von Winterfeldt & Fischer

(1675) discuss details of this formula.ion and give *Mm= following counter
example:

Margrnality would requxre you co be 1nd1fferent between the gambles x and

v, shown below, because the maiginal distributions are tne same.

2IOO’)S +7§719,- ) 0$ + ‘37;373
porsche ) Porsche
ivs 0005 + 2
Taal VW 1961 VW

.
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However, most people are likely to prefer y or x. This can be attributed

to variance preferences8 {(Coombs & pPruitt,; 1960), because y has a much
smaller variance than x. .

- Failure of Marginality Checks in Applica _ 1n applications
of MAUT under risky choice, each choice alternative is a gamble with a proba-
bility distribition over the outcomes in the decomposition. Marginality

chiecks are Wost likely to fail in cases in which the variance of the various
probability distribttions is distinctly unequal. 1In such cases; there are

three principal solutions to decomposition; these are discussed below, ,

Reordering solution. This solution (called the buck-passing solution

in Humphreys, 1977) is analogous to the ostrich solution described in secticn
3.4.1 but may be more successful. The basic idea is to reorder the striucture

of the decomposition to Ievel 1 so that the relationship between choice alter-
natives and terminal acts (ocutcomes) is déscribed in terms of probability

distributions with less unequal variances: This amounts to passing the buck

to the .decomposition to level 1, because there is no guarantee that the re-
ordered decomposition will pass the sure thing checks jist because the origi-

nal one did. The reordering will certainly involve pruning the decision

tree, in some cases so severely that the resuit may amount to cutting it
off at the roots (Brown, 1975): ~.
Decision analysts unwilling to undertake such radical surgery: may well

find it impossible to arrange things in such a way that the decomposition

to level 1 passes sure thing checks at the same time that the decomposition
to level 2 passes marginality checks. In this case, the reordering buck-

passing solution degenerates into an ostrich solution.

Quasi-additive solution (multiplicative rulel. Von Winterfeldt and

Fischer (1975) describe a multiplicative composition rule that is appropri-

ate for use in assessing utilities of risky alternatives where SCUI checks

are satisfied but marginality is not. In theory, this rule may be expressed

in terms of-transformations of the functions fi?*i?l,i@,theﬁfiSkiess composi-
tion rule described in section 3.3.4. Xeeney and Baiffa (1976) discuss this -

rule (section 6.3), and the assessments involved in its constrictign and use

(Section 6.6:5). The present version of MAUD is equipped only with the tech-

nology required to implement an additive composition rule; but later versions
will involve the optional use of a multiplicative rule instead. However,
the multiplicative role brings with it axiom-checking and dssessment problems

of its own, and a reordering solution, if possible, is usually preferred.

The variance (V) of a two-outcome gamble is defined as V = P(le)SQi'!élf?””
where Uj-U; is the difference in utilities Of the two outcomes of the gambles.

9rischer (1972b, experiment 2), investigating decomposition under risky

Ghioice, found an additive composition rule to be an efficient prediction of
subjects' holistic choices among alternatives at level 1, even in situations
in which one would expect the marginality assumption to be viciated on intiui-

tive groinds. Hence distortions introduced through the use of decompositions
to level 2 with violations of marginality, todether with an additive composi-

tion rule of the type employed by MAUD, are wilikely to be serious when n-WCUI

checks are satisfied.

o
£
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— 3.4.4 Additive Composition Rule from Level 2 and Tevel l
Under Risky Choice.

Given that the appropriate value-wise independence assumptions have
been met, we may use the following model as the composition rule from level

2 to level 1 under both riskless and risky choice:

il
L

. (%, ) 2
i3

Uy ; ii(iii) = U(Xk)
1 1

U=
I~

X, > % iff U(X3)
3 x ] i 1

Note that for any xj., uj(%;:) is ionotonically related to fi(kifi (Raiffa,
1969; Fischer; 1872a). ) ]
fhis coiposition rule is useful in appligations of MAUT under both risky

and riskless choige, provided it is used in conjunction with value-wise im—

portance assessment techniques pased on a device known as the Basic Reference
Lottery Ticket; or BRLT (Raiffa, 19065, p. 35-6; von Winterfeldt & Fischer,
1973; Humphreys & Humphreys, 1975; Keeney & Sicherman, 1975; p. 10-12) .

It is the standard composition rule used in the current version of MAUD.
~ Given a_ scaling procedure that yields attribute values gj (xjj), mono=
tonically rélategitiéifi(xig) {section 3.3.4), and hence to ul(xl}g, a BRLT-

pased procedure may be used to construct the uj (x;4) directly. The retation
is of the form

where $x = 1.

1]

>
-
Qi

'.l.

”

~
—

The xi assessed by BRLT-based procedures are in fact products of
s
|
[Value-wise importance weight] x [retative scaling factor]
Yi , 94

x [£; to uy correction]
i
Hence; in separated form:i - ’ "‘&(

- : ui(xij) = w.q;h, [gi(xij)]'

From a conjoint measurement point of view, the separation of X; into(wjdihj

is both unnecessary and vacuous, since wi, 4j, and hj cannot be assessed

-
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separately from one another. Hence the procedure-used by MAUD for the as-

sessment of Xilo does riot attempt any such separation.

- <

Mapping Between Level 2a and Level 2

9]

3.

1n applications of MAUT, data are usually collected in the form of rat-

ing of attributgs of outcomes on arbitrarily scaled rating scales. (The

" current version of MAUD uses an arbitrary seven-point scale on all attribute

dimensions.) ,Before such data can be used in MAUT composition rules; they

must be subjected to two mapping transfprmations, folding and relative scal-
‘ing, which are described in sections 3:5:1 and 3:5:2:

. B I T R
Since both the raw rating icale’datafand the transformed data are repre-

serited at level 2 in the decomposition scheme, the two forms of data arW/ dis-
tinguished here by describing the -raw data as represented at level 2a and

the transformed data at level 2. -

3.5.1 Folding J-Scales

AS an example demonstrating the need for folding transformations of

_ vating scate data, consider the case of a decision maker who is trying to

docida which of several potential companions to take to a dance. Ome of the

attribute dimensions used in the decomposition of outcomes {companions)
might be :

degree of boldness

1
- SHY ..vvvveeeieseiiziciiii.... BOLD
( 4

ideal point

This attribute dimension, as represented here, is scaled monotonically be-

tween the two- poles SHY and BOLD, but the most preferred point on this at-
tribute dimension for most decision makers in this situation would be some-

where in the middle. Clearly, ro monotone transformation of scale values

on a SHY-BOLD rating scale can Yield g;(x;z) appropriate for use in MAUT
addit lve composition rules. J

: ' Coombs (1664) has called such scales, and 311 physically represented

.scales, J-scdles, where J stands for joint--shared across individuals. In

order to transform any J-scaled data from any individual decision maker
into a form suitable for use as gj (xij); one must first fold each J-scale

T about that individual's ideal point on the J-scale (Coombs, 1964; Dawes,

lODéécribéé ifi sectimn 3:6:

35

Yol

O

ERIC

Aruitoxt provided by Eic:



- - N _
L - L e L,
1972; section-VI.2). This yields the decision maker's individual preference
o g 35 ¢ 11 .

scaling of the attribute dimensions and hence I-scaled data.
| The following example Shows MAUD folding a J-scale in interaction with
a decision maker. : '

= | ' o
| o

(3) NANEY :

(@) CHARLOTTE .~ .
(3)° MARY - o
(4) HELEN

Q!

Can you specify a way in which one of these
( 1 ) NANCY

(2 ) MARY - — ]
( 3 ) CHARLOTEE : - : ‘

O

is different from the other two (i 8 way that matters e
to you now)? Please answer YES or NO YES®
What is the numba next to the GIRL . : :
that differs ? 2 B

QO
O O O

You have said that MARY
is different from : S U
NANCY and - . CHARLOTTE

C):"():‘

In not more than three words each time: please.describe
“how the three differ from each other- .

First describe MARY :
MARY ; - is :
SHY : )
. On the other handa o - -
NANCY ' _ and CHARLOTTE are:
BeLD ¢ S L '

Are yoo reasonably happy With this descripticn 7 YES —_

O

0 0 0 O O
O

1l te that the use of an additive composition rule from level 2a_(J-scaled
attributes) to level 1 ‘(outccmes) will violate the MAUT morictonicity assump-

tion (Séction 3:3:1) unless the ideal points of all decision makers under
corisideration are iocated at one or other pole of all the J-scaleés on which

the attributes are represented.

36
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O 0. O
.00~ 00, Euiue

O

O 0 0O C O

N

~

It should be possible_to give each GIRL

a rating from 1 to 9 according to its position
on the scale
SAY :  w o
; Your rating of NANCY =

: Your rating of CHARLOTTE.

Your- rating of "MARY

) Your rating of HELEN =
to Are these ratings OK ? YES

e

;003 - 07 e WL U

W
(=}
b
'

Thinking only about the scale betow. what position
on the scale would'you like most of all for :
an IDEAL GIRL ’ .

-SHY

. Yoiir best possiblé value is : 5

to L
Is this alright? YES

oy E .
S 1

. Can you specify a way in whic;\bne of .these

¢ 1) CHARLOTTE
(2 ) NANEY

3 ) HELEN
is different from the other’ tuo (in a way th%t matters.
to you now)? Please answer_YES or NO '
What is the riumber next to the "GIRL
that differs 7 3 .

is
is
is

is

st se ven se

itnl=joslo

YES

O 0 O O

QI ‘(D:

o

.

.0
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You have said that HELEN _
is different from : , L
CHARLOTTE Y ‘ " and NANCY™

o O
o

“{ In not more than three words each tIme1 please descnbe

how. the three differ from each other.
First descr‘xbe HELEN .

HEEEN . is :

NOT SEXY

Ori the other hands’ : I

CHARLOTTE ' -éhd NANCY are:
SEXY

Are | you r‘easonably happy thh this descr'1pt1on ? ¥§

0  0 

,@i'
O'O o O

The rollowxng extract from the log resulting from the se351on shows How

MAUD uced this lnformatxon in folding the J—scale ratings £o produce I-scaled

values. »
‘O | ATTRIBUTE DIMENSIONS USED @)
T ) ) SHY W.eee--- [0ccecesacas BOLD () -
O{ IDEAL VALLE = 5 &e)
] @ NOT SEXY (L) eseeaTOoeuncnnnen SEXY (M) )
Of IDEAL VALWE = 9 O
" { RATINGS OF GIRLS ON ATTRIBUTE DIMENSIONS
O)grRe 3 2 3 4 O
ATTRIBUTE
__{ DIMENSION ~
Of{ @  9.00 8.00 .00 5.00 O
VALUE .00 .25 -00 1:00
O )@ 900 7-00 2.00 300 o
VALLE 1.06 .75 -13 4 \

: Constxuctlon of I- scales on all att:;bute dimensions insures that the N
numbers assigned to attributes on each dimension will be monotonic with worth

© on that dimensior,. but it does not insur® that the staling metrics will be

comoarabie across dimensions. rakxnc scalxng metrics comparable across di-

mensions involves operations called reiavae scaling (Raiffa, 1969).
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The use of asse*sment technlques based. upon BRLTs,“such 4s that used in |~

MAUD, effectlveiy carries out relative scaling slmultanéousiy with the as-

sessment of value-wise importance of each dimension:. In this’ case, one dces

not need ;o consider separate technlques for relative scaling. The XI values

assessed in BRLT-based procedureq are suitable for direct conbination with

I-scdled attribute values,; providing that tne?\l values were assessed on the

same I-scales as the attributes themsélves: However,.some direct methods

for ‘assessing value-wise importances of dimemsions do assume that the values

of the attribuotes on the dimensions are fully relatlveiy scaled. Procedures

attempting to accomplish such relatlve 5ca11ﬁg are discussed in Humphreys

{1977, section 4.2) but are rather complex and not currently available in
MAUD. ,

- 3.6 Evaluatlor of AIgorithms for uompOSLtleﬂ—Rulés .
from Level 2a to- Level 1

. = -s

In appllcatlons of MAUT, a Slnglé algorithm is usually empxoyed to im-

plement the mapping rule between level 2a arid level 2 and to lmplemént the

composition rules between ievel 2 and level 1. Huber (1974a b) classified

these algorithms into two principal groups: algorithms making use of client-

explicated parameter values,. in which the decision analyst has to ask the

decision maker directly or indirectly for all parameter values, and algorithms

making use of opserver-derived parameters, usually with the help of multi-

variate statistical analyses MAUD uses echUSIvely client-explicated.

parameter values, and only a1gorithms making use of. such parameters are ex-

amined here.l? The input to each algorithm is assumed to be scaled attrlbute

values gl(xl3), and the output to be the ytilities of the outcomes_uj. The

notation is that presented in section 3:4. -

f

i

3.6.1 Adg@itive Rule: BRLT-Base

This algorlthm uses the additive._ comppsxflon rulerunder rIsky choice

descrlbed in section 3.6 and is the algorithm used by MAUD. The attribute

values gl(xlw) input to the procedures must be scaled on I-scales (section

3.5.1). Vallue-wise importance weights, relative scaling factors, and: the

fi; to uiy corrections are determined sxmultaneously in compound form by the

BRLT-based ‘procedure. Early examples of appilcatlons using this algorithm

are the following: evaluation of ‘hypothetical compact cars (Fischer, 1972b) ;

evaluation of -apartments by students_ {von Winterfeldt & Edwards, 1973a), and

the evaluatlén of cinema films {(Humphreys & Humphreys, 1975). In each of

théte applications, algorithms using the BRLT-based procedure were found to

be at least as good or better than ralgorithms in predlctlng holistic evalua-
tion of outcomes.

This algorithm forms the basis for the assessment of value-wise impor-.

tance weights within MAUD. On theorstical grounds, this technigue is .

preferable, tO sxmpier ranklgg and direct rating techniques, such as those
dlsrussed in section 3.6.3 and Edwards' (1977) SMART technigque because the

i}

12200 Hober; 1974a,b, and Humpﬁre"siii?77 (section 5.2) for calculations of

algorithms maklng use of obserVér-derlved parameter Vvalues.
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latter do rot gg@ggg§;te properly for relative scallng factc;§7§§67§p9§ are
vulnerable to. distortdion of assessed weights due to use in Inapproprlate

anchors and scales by the declsion maker: Despite this; Raiffa's (1969)

- original BRLT-based peg@ogiigrlittle used because it requires a large ng@:f
ber of complex tradeqffs £o be made between both abstract gquantities {(Knepp-

ré&th et ‘al:;, 1978). The procedure used within MAUD is computaticnally much

mare sophlstlcated than Raiffa's but provides a much simpler and shorter

presentation to the ﬁsé; and requires much fewer and Simpler a@ssSessments.

In fact, within a preference structure comprising N attribute dimensions;

the decision maker has to make only N-1° Smele Inaifferencé judgments,

fewer ratings than with any other technxque, direct or' indirect,.

o @éﬁ? uses its computational to construct a §;5e§g;;§¢§”§et of BRLTs;

each comparing tradeoffs on only two dimensions but organized within a

hierarchical-free structure formed through a cluster analysis of att;;puggi

A minimum information transfer algorithm is applied within the

L dimepsions. & minl ied withu
N I-scaled decomposed preference matrix to construct drcluster fusion treé
"with two branches at each node. The tregiggderiying the BRLTs presented in
the demonstration sessicn reprcauced in section 2 possesseb the .structure
shown in Figure 2. p
: - ) Z
! @

»

Figure 2. g}g;grchicai fusion tree for attrlbutes represente‘ in the
decomposed preference structure illustrated in sevtlon 2.
f 4

MNote. Tne (nonaeleted) attrlbute dlmenSLOns fused in this

structhre were :

1. Pick up situation ... to ... Established couples.
2. With better jokes ... to ... Wlth boring jokes. .
' : 4. Uninterrupted Slogan ... to ... Interrupted slogan.
7. InVolv;ng ... to ..: Not 1566101ng
. 8. Appealing to boys ... to ... Appealxhg to boys and
= - éifls. . v

£ -~ -
3 . -
. ~

’

~ fuslogigggg to compare the-stibsets of dimensicns.connected at that ncie.
Cémputatlon of A values for each dlmenslén on the basis of the lottery re-
sults is then analogous to the computation of probabilities of terninoal -

events in a dec1516n tree. Many possible trees can be formed to Iink a set

The BRLT technlgue is usgd at -each of the N-1 nodes in the N-attribute‘

- oOf attribute dimensions. In theoretical terms, all are equally suitable,

put it is desirable to ronrtruct a tree in such a way that it minimizes the

L ffect of any viglations of value-wise indewendence

;'4”0' L ~
T
‘4 ;) :
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The cIuStérIng procedure used by MAUD Flusters first those dimensions,

or sets of dimensions, that are most highly assoc1ated This clustering

procedure possesses two merits. FIrst in any node; the set of dimensions

being compdared are more highly associated than any possible combinations of

dimensions that have not yet been considered. This hHelps to generate stereo-

type items that seem realistic to people. Second, tre requrrement of weak

conditional utility lndependénce is optimized. It i§ important tdS insure

value-wise independence between branches connected at\the top of the ‘ree,

bacause incorrect estimates of A here will affect the X. calculations for

many more dimensions than w111 incorrect X estimates fo§ branches connected

lower down. Note that as one moves up the cluster hrgpérchy, the degree of

assoc1atlon petween the sets of dimensions clustered at edch ncde decreases;

thos,; hope fully; the lotteries estimating X'welghts irivolving larger numbers

of dimensions have the greater chance of méetrng the value-wise independence

assumption. The strocture of the tree is not visible to the ‘user but is

used to direct the sequence of the BRLTSs presented by MAUD to‘the user and

the conversion of the probabilities thus elicited from Him. or her into the

relative lmgortance (X) values and the preference (holistic utility) values

of items under copSldEratIonA The following example desScribes the construc-

tion of the sequence 'of BRLTs illustrated in the sessien with MﬁUD described

in section 2.
-~
Consxder the first BRLT constructed. Thls example contrasted attribute

dlmenSlOnS 1 and 2 by constructing three sterectype alternatives defined ln

terms of thelr extreme positiocris on the £wo- attribute dimension.

e

AiEefﬁgﬁiGe I

‘Alternative III

Ay . N . .
A cola ad. “*"A cola ad. o A cola ad:
. which scores as " . -which Scores as 1 which scores as
! “high as the best high as the best i  iow as the.worst
alternative (Fish alternative (Fish ©  alternative
and Chip Shop) on and Chip Shop) on (Bermuda) on
attribute dimension attribute dimension attribute dimension
1 f#vith better jokes) 1 (with better 361ies) 2 (with boring Jjokes)
AND BUT : _— AND
which scores as ' which scores as o whlch scores as
high as the best low as the-worst . low as the worst
alternative (Fish alternative : alternative
and Chip Shop) on (Bermuda) on ) {Bermuda) on :
: attribute dimension attribute dimension attribute dimension
‘ 2 (pickup situation). 2 {(established 2 (established
. ‘ cotiples) . couples) .

‘,
' ) o
Alternative I is-a best cola ad stereotype, arichored at the point at
- Which the best alternative within the set gnder consideration scores.on each
of the two dimengions.

~ Alternative III is a/@orst cola id stereotype; anchored at the polnt at

which the worst slternative within the set under consideration scores on each
i

-

41

O

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

_subject to the constraint X7 + Ag =

.

of the two dimensions. WNote that in this exampie Fish and Chip Shop hap-

pened to be best on each of dimensions ) and 2, and Beypmuda happened’to be
worst on each of dimensions 1 and 2. <1f this had not occurred (if, e.g.,

party had scored best on dimension 2, and Hair worst), then these other:

attermatives: would have been used as anchors on dimension 2 instead.

Alternative IT is a compromise alternative, anchored &t the best point

or dimension 1 but at the worst point on dimension 2.
] . , . L
NI SO e S o
Now suppose you had to choose between two options. One;- option A,
: Se _rXE een WY _=r- -

gua;aq;gegigcqrrcomprEmiSé alternative II for sure, and the other, option
B, gives you a charice of getting best alternati® I, with probability p:

or worst alternative III, with probability (1-p), as shown in Figure 3.
~N -
ption A N : ggtibh B
: (sure thing) ) (gamble)

Lo

Alterngtive

Altemative II
" for sure _ oo . _o-
) . 5 - 1-p ~ Alternative III

S L .

I o - B
Figure 3. BRLT for attribute dimensions;l and 2.

1t follows from expected Gtility theory that if a value p is found for

@hich you are indifferent between thg optiong A and B, then the ratic of

p to (1-p) is the ‘same as the ratio A{ tp Xy, the value-wise importances of

the two dimensions. (This result is due ‘to Fishburn; for its derigation,
See Raiffa, 1969, pp: 35-6.) :

MAUD uses descending and ascending~methods of limits (starting with a

descending series) to find this fndifference point for the BRLT, as illus-
trated in section 2.10. 1In the example, this occurred wherg p = .75 and
(1-p) = .25, hence A} = .75 and X3 = .25, subject to the constraint

x{ + Ay = 1. Similarly, MAUD next constructed a BRLT for dimensions
4 and 7, yielding X4 = :15 and X, = .85 g subject to the constraint

>4 + X3 = 1. The third BRLT was located at the node in the usion_tree

connected to dimensions 4, 7, and 8. 1In order to avoid a complex stereotype
alternative involving a composite of dimensions 4 and 7, the dimension that
received the highest ) weight wi hin this pair; i.e., dimension 7, is thosen

as a delegate for this cluster in thg BRLT, yielding i = .55, Xg = :45;

 However, this constraint is not appropriate here; the constraint that
shouta apply is Aq * A7 * )g =1, and the 3 weights applied to the branches.
have to be rerofialized to take into account that attribute dimension 7, used
in the BRLT, onty accounts for 0.7 of the value-wise importance to be as-=
signed to the branch consisting »f a fusion of attributes 4 and 7, for which
it is the delegate. ’



MAUD therefore makes the appropr:ate correctlons befo*e proceedlng to

N p
constraint zix = 1.
‘THe final version of the tree, with {funcorrected) assessments and ifi=

termediate delegates filled in, appears, for tnls example, in Figure 4,

delegate for

(4+7+8) r/j}
()

/ delegate.
.. for ({1+2)

Figure 4: Final version of tree.

After the approprlate no:mailzations and corrections, the assessed A
welghts constructed from the data repre¢ented in this tree are as follows:

[}

¥ ry o= 026+
by = -0
R
; hy = 448 *
rg = .367 ST ‘ ‘

These A weights are shown in the smmmary of the MAUD - session, - 'éprbauceé ih

sectisn 2.10, tQQether with the holistic utility values of alternatives com-
— L]

puted through their use in an additive MAUT comp051tion rUIe. .

Multzpl;eat&uefRuié BRLT-Based Assessment Procedure. rThls rule and

its use is described in Keeney and Raiffa (1976, chapter 6)}. The multiplica~

five rule is used iff cases in which the X assessed by a BRLT-baSed procedure
do not sum to 1 over all n attripute dimensions (1 = 1 to nj. From a con-

. joint measurement standpoint, this use of a multlpllcative rule s a pro-

cedaral device to simplify computation.. LogarIthmIc transformation of both.

sides of the equation are used for the muitlpllcatlve forms of the. composition

rils dccording tc which is most convenient to use, given the nature of the

. data éna the decision-making situation. In sit@ations fn which theé result

43
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of obtaining a worst value on a particular attribute dimension is_so severe

that this worst value is not compensated by best values and on all other
attribute dimensions, then one's best strategy is eithier (&) to use a mul-
tiplicative form of the composition rule, which will delete all outcomes.
that possess such a value through multiplying them by zero, or {b) to delete

211 such outcomes as nonstarters before using an additive form of the rule

in the evaluation of the remaining outcomes.. Strategy b is the strategy
récommended for use with MAUD, although a multiplicative procedure will be’
implemerited in future ver:ions of MAUD to deal with residual problems where

marginality is still not satisfied (see section 3.4.3). .

a

3.6.3 ﬁOﬁféét%—éagéaiAsSéééméneumeeﬁcas

BRLT-based methods, while theoretically optimal, have the disadvanfage

that, with the exception of the methods currently used in MAUD, they require

some extremely complex assessments from the user. 1In order to COmpute a set

éf A weights, either a large number of simple lotteries or a smaller number
of increasingly complex gpes are-usually employed, requiring the user to

hold in his or her mind descriptions of quite complex stereotype items and
miake sccurate comparisons between them; If n is greater than 5 or 6; the

procedure becomés unwieldy, and the user usually begins to complaip of in-.
formation overload when required to make comparisons. In view of this prob-

lem, -some alternative procedures considered by decision analysts are @is-
cussed below. They are theoretically suboptimal, Usually adopted for their
ease of use. They are rot employed in MAUD, however, where we took the al-

ternative route of improving the optimal procedure.

Compensation Method: This algorithm uses the composition rule under

tis%1é§SWCEbiceVdescribe&-iﬁ section 3.3. It has been used b von Winter-

feldt and Edwards (1973a) and Aschenbrennexr (1975) ; in both cases in the

ggéiuaiiéﬂ of apartments by students mnder riskless Chdic¢1W7Y6ﬁ”W§nterfelat
and Edwards described the method as a "direct rating procedure with impor-

tance weights derived from the unstandardized utility functions as described
by Sayeki'(1972) in the framework of sdditive conjoint measurement."
In this procedure, each A’y (=wjqgj) is dethrmined by observing how muich

the decision maker's holistic Uj ratings change when values of their (hypo-
thetical) attributes on dimensions i are ‘changed from worst to best.  con-

sider the effect of switching from worst .(0) to best (1) on dimension 1.

 According to the conjoint measirement model described in sectich 2:6;

, n o R T
AF, = §oOA.glx, ) F AL - T at.glx, ) * AT 01| = KTy
3 i=3 1 137 1 . i=2 i i3 I 1
where AFs is the change in the holistic rating of ouicome j. All other at-

. tribute dimensions are similar.

| Aschenbrennier's gersion of the procedure starts with attributes on all
difenisions at their gorst value, and the decision maker is- asked, if he or
she had the opportunity to change only one attribute for its best level;
which one would he or she choose? He assumed that the attribute chosen
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will be that which maximizes AF3. Thne question is repeated tntil all attri-
butes have been changed to theif best levels and all dimerisions ramked in

terns of their value-wise importances. The X', are then found through di-

rect rating of the importance ratics of the attributes.

As with BRET-based assessment methods, the gj(%jj) input to the model

must be scaled on I-scales, and value-wise independence is assumed. However,
) unlike algorithms employing BRLT-based assessment techniques, this algorithm

is not appropriate for use under risky choice, because fj to uj corrections

(hy) are mot determined. .Von winterfeldt and Edwards (1973a) found the com-

pensation method to be inferior to a BRLT-based assessment method but superiocr
to a direct rating method. '
Direct Rating Method. 1In typical applications using the direct rating

method, the value-wise importance weights (Wj) are assessed by a king the
decision maker for direct ratings. Formally, algorithms fiaking use of this

procedure require also the use of a relative scaling procedure to estimate
values of q; (section 3.4.4), because under the riskless choice fj(xjj) =

technigues have been used, the gj have not been assessed. Such applications
ave included ' evaluation of medical care
research proposals {(Gustafson et al., 1971) , -evaluation of military tactics

w:gsfglx;:)]. However, in most applications of MAUT in which direct rating
131 i3 r i WYSL SRHL ST A - -

have included college admissions (Khlar, 1969),

(Turban & Metersky, 1971),; and others reviewed by Huber (1974a). _Technically;

the additive models used in these applications are incoherent, because values

of f£5(xj4) or ujlxjj) cannot be assessed in the absence of values of qj.
-,However; they can be made coherert by adding the constant scaling assumption

g; =1 (i =1 to nn) and then applying an additive composition rule.

~ The constant scaling assumption seems £0 be reasonable in many applica-
tions of MAUT, bécause direct rating models incorporating this assumption

have often performed guite well in'practice (Dawes & Cbgr;ggﬂjiiﬁ?éjiﬂubér;

? 1974a) . As would be expected, though, their predictions are inferior to

BRLT-based models (Fischer, 1972b; von Winterfeldt & Edwards, 1973a). The
apparent efficiency of these models is due in part to the fact that they

have been used in apptications in which the constant scaling assumption is

reasonable a priori. A&s a counter example, consider the evaluation of pro-
prietary brands cof sweets (cutcomes) on the following attribute dimerisions:

value-wise relative

ifportance  scaling factor

1: Not tasty ... to ... tasty ﬁi 93
5. Poiscrious :.: to ::: nmot polsonous ' s q;

- birect rating of value-wise imporiance would, for most people, yield
Wy <7Wérb§§§gse_prese:vatioh of life is more important than having a nice

taste in your mouth. However, qy > g, because attributes of proprietary
brands of sweets range right along dimension 1 but are all Squeezed together
at the preferred pole of dimension 2. When we consider the products

wigy = f3, we can see that attribute values on dimension 1 will dominate
the analysis Onl? if wi/w, ? q2/q1'

45,
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 Equal Weights Method. This method js like the direct rating method
sxcept that an additional equal weights assumption wj = W3...Wj... = wy is

made. Hence value-wise importance weights need not be asSessed. The re-

sulting model is that underlying the Likert scale technique used in a vast

namber of attitude and perscnality scaling applications (Edwards, 1957;

Dawes, 1972). Thespite the strong and arbitrary character of the equal
weights assumption, such models have been found guite efficient in -MAUT
applications (Dawes & Corrigan, 1974), although inferior to a model using
5 BRLT-based assesstent method (Humphreys & Humphreys, 1975). Einhorn and
Hogarth (1975) delineate the situations in which equal weights methods can

always be improved by Combining them with appropriate prior information.
Using BRLTs is cne way of gaining such prior information. One reason for

the apparent efficiency of the equal-weights model may be.the demonstrated

insensitivity of additive model compositions to variations in the w; values
(vori Winterfeidt & Edwards, 1973b). .

13

his or her preference structure and the computed holistic utility values of

alternative items within this structure before tand without) having to make

WAUD can provide an equal weight option that allows a user to examine .

any assessments within a A-weight estimating procedure. This option is con-

venient but can lead to misleading results when assumptions relative to scal-

ing and equal weights are ihffihgég. It should therefore be used with caution.
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APPENDIX A

PROGRAM DOCUMENTATION

MAUD is wrltten in BASIC for the IBM 5110 system, usxng the display

screen for Iﬁput and output. .

Screen

7 The screen_is tréétéd 45 3 recsrd I/0 file. It is opened usihg the de-
vice number '002';

— - - - == N

e:g., 0075 CPENFILE FL5, '002' ,ALL ~
where ALL specifies both read and write operations .

a maximum of 64 characters per iime. Data can be written on the screen using

The system allows ménipuiati¢n of the top 14 lines of the Screen, w1th

WRITEFILE or REWRITEFILE statements and read using the READ statement. _When

addressing the screen, thesfirst character pOSltion and the length of the o
I,0 string both have to be =pec1f1ed When necessary, the flnal pOSItIon of

the pointer can alsc be specified;

e:g.; 0225 WRITEFILE USING 130 ,;FL5; 'Title for this session’
0130 FORM PDOS129,C25, POS154
0140 READFILE USING 150,FL5, e
0150 FORM P0S154,C60.

ihé Internal Layout of MAUD

MAUD comprlscs three programs :

MAUD--is the main _proqram. It ellc1ts choice aiternatives and attrl—

bute dimensions. .In addition; it -also checks ratings of alter-

- natives on dimensions and elicits ldeal points on each dimension.

BRLT--computes lotteries for assegging value-wise importance of dimen-

sions, computes preference values for choice alternatives, and
compiites ctusuer correlation.

LOG--produces a hard copy of the summary.

P2y

Data Files
MAUD has four data files:

Fi--stores titles and control values.
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F3--stores a matrix containing the names of choice alternatives and

two other matrixes containing the pames of poles of attribute
dimensions: : -
F3--stores centrol values. ,

-

. Fa--stores data. The file i§ three records ;oﬁg;

Fl, F2; and F3 are sequéntial files. They can be iccessed by using an OPEN
statement;
.g.; OPEN FL1,'EBO',4,'F1';IN;IOERR 6990.
e

FR is a record-oriented file, It is sccessed by using the OPENFILE statement

e.g.; OPENFILE T4 ES0';7, F4',IN,TOERR 6990.

.Details of File Storage

Fl contains seven variables.

Ts: title of tlie session (maximum 60 characters 1on4g)

- X T e B T P T~
s$: - generic name for all items urider, consideration 1n singular form
- . > 1.

{maximum 30 characters 1ong)

pS: generic name for all items in plural form (maximum 30 characters

Iong)
ji numbér of attribute dimensions (J__- =-20)
N1: number of choice Alternatives (NI___ = B)
max

N2: number of sucCessful mappings of sttribute dimensions

(N2 = 8)
max )
K3: error flag :

F2 contains three matrixes.

AS: corntains names of choice slternatives (maximum 30 characters
each) ¢ .

5S and C§: contain poles of attribute dimensions (maximum 30 characters
F3 holds seven matrixes.
H: status codes for attribute dimensions (negative if the dimension
has been deleted)
¢. <tandard deviatidns of ratings on attribuote dimensions

-

o
<
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B: positions of ideal points on attribute dimensions

W: weights of attribute dimeénsions

U: utility values for items (range between 0 and 1, regative if not
yet - computed) ' )
. !

f,» 1lists of branches of nodes in utility hierarchy
. sSufis of ratings on attribute dimensions
£4 holds three records consisting of a single matrix each.

% (record 1): stores the rat;ngs of ch01ce alternatives on each attri-

bute diffiersion (vatues are betwren 1 and 9)

X (reccra 2): stores the value of each choice alternative on each at-
tribute dimension

(récord 3): stores the correlation coefficient between attribute
dimensions

ol

Dotails oA MAUD

MODULE 1:

Liﬁéé 195-795: Parameter used - N1 (whlch courits the number of choice al-

“ternatives unde;799n§1derat10n, Nlmax'; 8). .

ThlS module deals with” input of title_(T$)-,- generlcrname

in sxﬁgular form (§8$) and plural (P$), and choice alter-
natives (AS(I)--where I is an index between 1 and N1).

Line 520 checkq that NI is <= to B.

Flnally, the module displays all the chioice alternatives

7 entered by the ‘user.
* £nd of module.

MODULE 2:

Lines 800—11655 Parameter dsed ~ NI:

This module deals with changes (if any) in choice alternatives.
Lines 880-990 change the name of a choica alternatlve.

Lines 995-1025 delete a choice alternative.

Lines 1100-1165 add a choice alternative to the list: .

> * End of module

MODULE 3:

Lines iiaé—iéédi Parameter used ~ J (whlch coiints the number of attribute
Z . ‘dimensions, Jpgx = 20).

ThlS module deals with elicitation. of attrlbute dimensions

ques {stored in £$(J) and Cs$(J)--where J is the index
oFf each attribuite difiension):

61
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MODU

1E 3 {continued) : >2

MODULE:, 4 :

Lines

SDULE 5

Line

MODU

s 2220-2525:

LE 6:

Line

s 2530-2895¢

MODULE 7:

es 2920-2933:

1830~2200:

At iipe 1270, thé module calls a subroutine: RANDOM TRIAD
GENERATOR (iines 5375- -5420) ; which randomly picks out
triads of choice alternatives and stores their inde:es
in a G array (G(I), I=1 to 3).

Lines "1285-1320 present those three alternatives and
stores them in an X$ array (X$(I), I=l to 3).
Lines 1580-1820 elicit the attribute dinension. Each di-

mension consists of twoe pules, iie:; BS(J) and C$(J).
* Epd of module.

Parameters used -+ NI and J.

This module eTicits values of Z{I, J)——between 1 and 9,

where I is the index of each choice alternative- (I=1

to K1y and J is thHe index ~f the current attribute

~ dimension being assessed.
* End of module:

This module allows. the useriggiwake alteratlons by elther
changlng ‘the ratlngs or canceling the scale altogether.
Changesrare deatt with by a subroutine: CHANGE RATINGS

(Iines 8270-8410) .

Changlng the scale will take the user back to the preVLouS

module.
Cancellng the scale will take thp user back to MODULE 3;

the status; H(J) is assigned the value -299.
If there is no alteration tolbe made. H({J) remains 0 and
the program carrjes on to the rext module .

* End of module.

<

Paraneter used ~,J.

This module e11c1ts ideal poirts for each attrlbute ai
mefis ion J with poles B$(J) and C$(J). The value of the
ideal pcint is stored in B{J)--where the range of the
scale is between 1 and S.

* End of module.

~

Parameters used — J and H(I). . .
Tris rmodule allows the user to change the ratings of the
ideal point (B{J)) or caricel the entire scale. {

Changes are dealt with by the subroutine: CHANGE RATINGS

(llnes 827@ 8410y, . __
ChaﬁQiﬁg the ratlng i1l take the user back to the previous

54
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Fi

HoDULE 8

Lines 3080-3190:

MODULE 9:

Lines 3200-3390:

HODULE 10:

Lines 2395-4040:

. MODULE 7 (continued) : ) . : -

f

Cancellng the scate will take the user_ back_to MODULE 5;

 the status; H(J) is assigned the value -299.
* End of modulc.

Parameters. used - Nl and J

values of X(I J) are computed; i.e.;, values of each chcice-

atternative (I=1 to N1) on the current attribute dimen-

~ sion being assessed. )
Lines 3140-3185 adjust the scate such that the worst

value=0 and the best value=1.

Tf there is very little variation {i.e.; < .5) between

all values of X(I,J), the program w111 pass on to the

, _next module; otherwise it will proceed to MODULE 10.
* End of modute: N :

paraisters used > J and H(J). ) o
This module beccmes active when there is < :5 difference
between all values of ¥(1,3): It allows the user to

do cre of the following three operations:

- cnauge the values of Z(I J) .
This will take the gser back to MODULE 4.

This w111 take the user ba*k to MODULE 6.

- éhange nothing . o . L
The status, H{J) is set to -99 and the program pro-

ceeds to MODULE 11l.

* End of module.

Pa:-ameters used - Nl J H(J) ;N2 ; and hi

The variarice, S(J) is computed and the current status,

H(J), is set to 1.
If N2 is <2, the program will.bypass the rez -t of the module
~ and '‘pass on to the next module. L
Line 3515 computes the value of R{M,J), where M is an index

between * and J-1;, and J is the index of the current
attribute dimension, which at thls stage must be > 2.

If the current R(M,J) is <: .866, the next value R(M+1;J)
is computed. Wien all values of R{M,J) have been suc-
cessfully computed, the program passes on to the next
module. ) ) o :

For each R{M, J)‘which has ‘a value > .866; the féildwing

55"

S
’

I

>’



MODULE 11:

Lines 4045-4160:

MODULE- 12 :

Lines 4i65-4495:

MODULE -13:

Lines 4500-4630:

MODULE 14:

Lines 4640-4740:

O
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Lines 3530-3745 check with the user whether or not a change
is required. If the response is negativey the program
will increfiefit M by 1 and compute the next value of
R(M,J). "

1f the response is affirmative (i.e., the two attribute

dimensions being analyzed have similar meaning}, the
_ following submodule is activated: = _ .
Lines 3755-4040-conduct a constructivist solution. Kl is.

incremented by 1 (K1 is a count for the number of attri-
bute dimensions. Klpay = 20). S S
The currént status; H(JR is set to -M, H(M) is set to -J;

 and N2 is decreased by 2. o _
X new attribute dimepsion is created; and the poles are

stored in B$(J) and C$(J) . ’
THe program goes back to MODULE 4.

. * End of module:

Parameter used - N2. S o o

If N2 is <2, the program will bypass the rest of the mudule
and go_back to MODULE 3: e o

This module gives the user the option of viewing a summary

 of progress to date by chaining to LOG. ]

If no summary is required, the program passes on to the

_ next module. '

* prid of module:

parameter used * J. - , ]

This module allows the user to add another dimension to.
the list. J is incremented by 1 (Imax = 20), and the

_ program goes back to MODULE 4. :

If the user does not wish to carry:out this process, the

program passes On to the next module .

* £nd. of module:

parameter used - N2. , o
if N2 is <2; the program bypasses the rest of the module
and goes back to MODULE 3. } . -
The module allows the user to elicit another dimension;
~ this process is carried out by going back tc MODULE 3.
1f the response is negative, the program will pass on
to the .next mddule.

* End of module,

This module allows the user to investigate preferences
 between alternatives, i.e., U values:
The program will chain to BRLT.

AN

56

~

6.



MCDULE 14 (continued):

If this process lS riot requxred the user will have the

option of saving the data for future use. Thig uUses

_ the subroutine: FILE DATA (lines 5426~ ~5500)".
* End of wodule.

END OF MAUD

.L,,,, i
Subroutines—ain MAUD

RANDOM TRIAD GENERATOR (linés’ 5375-5420)

ThlS SUbroutlné generates three different numbers between I and N1

and stores those numbers in a G array.

PILE DATA (iines 5426-5500)
This subroutine files data in FLl,Vfggi FL3, and FL4. (For more
information on file storage, see 'Details of file storage, p. 52.

DquLAy ALTERUATIVES (lines 7680-7715)
This subroutlne dlspla)s chcice artematives “between 1 and N1.
CHECK NUMERIC INPUT (lines 790G=7970)

THis Subroutine checks that numeric¢ input is within range.

ERIC
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APPENDIX B

0010 REM __ . ____ .. _ o
0015 REM HR NN RMAUD %R NR M N A NMN MR R
0020 REM
0024 REM _ . -
0025 USE T$60,5$30,P30
0030 USE C,J,NI,N2,K2,S1 .
0035 USE A$40(20),E360(20),C860(20)
goy0 USE 7¢20,20),%(20;20),R(20,20) e
: 0045 USE Hggos,sz:o);sxznz;ut:p),U(zhi,Ltzn>;Y<2o);V(2o)
0050 DIM 784U, Y$&H,XFEH,Qe6Y ESEH
0051 FORM POS1,C
0052 FORHM P0OS65,C
6053 EORM P0S129,C
gusu FORM POS193,C
00SS FORM POS257.C
0054 FORM POS32%,C
0057 FORM PDS385,C
gese FORM POSHN9,C
0059 FORM PDOSS1i3,C
0060 FORM POSS77,C
0051 FORM PDSéu1,C
tus2 FORM POS705,C
00463 FORM PDS769,C
sy FORM POSB33:C
0058 FORH POSE,C .
p0&9 FORM POS89S,CI..... ..
bo75 OPEN FILE FUS; 002°;ALL
0076 S1=20_ S o
0077 REM ®»xmx»r#i#%51 IS MAX WUMBER OF ATTRIBUTES swwassuxyxsys
0078 S8=4 .
0079 S9=8... ... . ..__ R ol
0080 REM.S52 AND 59 ARE MIR ANI MAX NUMEER OF ALTERNATIVES #snwsn
© 5081 P9=1 O
3082 REN »—s-*“PRINTER_ON COLE##ENRH*.
opgy ZE€='Plaase type YES or ND®
£a8S Y$=' L
387 Es= ) Piresé EXECUTE to proceed’
o 4995
5300

70 S215

,-»»4«&»;;;;§§iiii4Hﬁuu>*u**ux»***i;;iigiiii&i&«'

. ;..~-.p*ah¢»»é;gg*§§;§iiiiii#&xk&**uﬁ**&»&gqqi;;i
‘Zie you want to use materjal alveady on file

F Bs="YES® GOTO 6000
0109 IF Ge= rn0° GOTD 109
G108 PRIMT Zs

U107 PRINT. . .

0108 GOTO 102

0169 PRINT . ——— .. . ..
0113 REM HEE INITIALISE Hud
0114 GOUE 800D

012y NP=D _

07125 MAT Z=(0)
G120 MaT X=(0)
0135 RAT R=C0)

. 67

O

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

@é='can be uhatever vou like; so long as YOU knou Uhat yea'

REWRITEFILE USING S4,ELS. Q%
REWRITEFILE USING 99,FL3, 'dean
PFWRITEFILE USING &O4,FLS,P%,
FORM P0S5281,C16,X,C

. You

‘which

Q%='as well as others that you uan*

4. REQRITEEILE USING S56,FLS,Q%
7 REWRITEFILE USING 58;FLS, 'Keep the descrap*lon of each’

REWRITEFILE USING 409,FLS;S$%

)9 FORM POSL7B,C

REWRITEFILE USING u?iFES;Lghdr
REWRITEFILE USING 61,FL5.,ES
READIFILE USING é9,FLS,Q%
GOSUKR_8000.

5

should put in°

are avaitlable nouw,

fo think about.

type just one or tuo

315 REURITEEILE USING 420,FLS, 'Please type in the name of
>0 FORM PDS129,C29,X,C30

'REURITEFILE USING 430;FLS;'vou

REWRITEFILE USING HH FLS;'11§
EORM PDS321,C11,P0S333 .
REBEFILE,USIHGNMJJ,FL ,A$(NL)
FORM_POS333,C30

0 GOSUK 8000

IF N1=S8. GOTO._505

; REWRITEFILE USING 4B80;FLS, 'Now

FORM POSi29,C15,X,;C30 ..
REWRITEFILE USING 4%0,FLS,’ ‘you
FORH PDY193,C20

GOTO 435

GOSUER BHOD

IE N1:5% GOTO S50

want to consider’

name

is

the next’,5%

uant

to consider’

REDRITEFILE USING 53C,FLS, 'You have considered the’

FORM PLS55,C25,P0S%0 ..

REURITEFILE USING 540, FLS, ‘maximum numbev 6%';;%

FORM PGCE%0,C17,X,C30

GOTO 675 o
REWRITEFILE LSING 555,FLS, I3
EOKkM PCS:25,C17,C30

REWURITEF:
FORM_POS c [deSed
PEADFILE 57 ,FLS . J%
Fokm PﬁE__-,EBO o
Tz GOTO 825

U3ING GTT,F05,ATIND

GOTO 460

RELB ILE USIdG_ 365,FLS.Z%
READFICE USING 37J,FLJ.Q$
GOsUB_B016]

» GOTO 590

GDSUB gCC0 E

REUPIT:FILE UCING 6"0 FLS; P3;
FORM pPOG1ow, %10,C18,%,C30
P=129

GOSUR 7680 v

E\P=P+120

61
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0750 P1=P+34. .

0755 REURITEEILE USING 760,FLS, "Io you want to change anyfh.ng X

0740 FORM_POSP,C33. POSP1.

0745 REALFILE USING 770, FLJ,Q$
6770 FORM POSP1,C30

0772 GOSUE BUOD o

0775 IF Qs$=- Yts GOTO BOO

0780 IF Q%=" GOTO 1170

078% REURITEFILE USING 3¢%5,FL5,Z%
0790 READFILE USING 374,FLJ,Q§
0795 GOTOD 775 . _

0800 REM HHUH USER UAJTS TO. CHANGE SOMETHING HHH
U80S REWURITEFILE USING S4,FLS, "o _you want to’
0815 REWRITEFILE USING 820,FL5,;° (1) Change the name of a -, 5
0820 FORM POS321, XJ,CZE,X C30 I

0825 PEURITEFILE USING B830,FLS, "12) Remnve a’,S%

0030 FORM PDOS2BS,X¥S5,C13,X,C30

U835 REWRITCFILE USING. 840 FLS, ' (3) Add a” VSt

gRy. FORM POSENG XD C10 ¥,C30 o
0B%2 Q% Pléégbffypé”ih 1, 25 or_3
0845 REURITEFILE USING-€50,FLS; Q%
9BS0 FORM PDSS77,027,PUS50G

0852 P=1

VoS READFILE USIAG Beu, L3, 0%
0660 FORM. PDS605,C1

coat GOSUK 8000 _ I

08e0 REM. #a4_ CHANGE A NAME BHH
puis 1IFE_Q%='1° GOTO 975

G884 GOSUE_7680

pRg? P=p+128 . _ e Lt S

Gusu ﬁV"RITtFILE U"IHG 89%,FLS; "WUhal is the number of the °,8%

P1=P+20 . ) ) N
REURITEFZLE USING 905,FLS, "you want to change?™
F . > £19,POSP1 ) ; ;
SOSOR 7973 :

i;}ﬂ; 5%5;?L5;'ﬁ0u name
Z, POSP1 -
"’_’ 98.},FLJ,F«1(I)

ITE AN ITEM WY
570 1100

Cf USTND 095 FES: ‘Uhat is ihe numbev of the *,S4

=5 BhooFhe + T s N U 08 Y

] LE US 1Nb IU”U FLS, 'you want {6 vremove™’
= FODE, C15,PUS ' -

GUSUKR 7060
IF _I=p1 GCTO 1050

P O T T I PR

FUR U=1 TQ Mi1-1
EENIETAENER S
HEST
I EDIES
62
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GOTO 660 .
REM nﬁuunngreyn AN ITEM HHHHHHH
1IF N1=59 GOTO 525

GOSUR 7480

P=P+1238
N1=N1+1 .

IE. N1:S5%_ GDTD 525 . , S
REWRITEFILZ USING 1125,FLS, Please type tne rame of the ',

FORM PUSP,CZE,»3U

P=P+64

REuRIlEE}LE USINC 1135,FLS, 'Jjob you nwant g con

FORM POSP,C

N$=CHR(N1)

P=P+6Y4 .

P1=P+10_ . . .

REURTTEFILE USING IIJU ECJ,T N$ P

FORM PUSP,C1,X,C1,X,C1,PDSP1

REALFILE UEING iiZC,FLS,ﬁE(Ni?

M POSP1,C30

5 GOTO 660 o S

REM #*»#INTRODUCE METHOD OF DIFFERENCESH®kwxx*®

J=0 N
GOSUE 8OO0
PRINT 'You &. ¢ now._ go:ng to be asked about differences’
PRINT ‘'between ';P%;'..Tiry to think apoat differences’

.

PRINT ‘which are important to you.in making your decision.’

PRINT "For instance, some people féé( 1hét certain " ;F%
PRINT ‘are INTERESTING while other ,P$ are BORING,

PRINT “and some ';P%;’' ave in between

PRINT ‘Tbis is jumst one example and may nqjvpgwreleuan\
PRINT ‘ynu. The¥e¢ ave no right or wvong answers., Even_
PRINT 'yveo ave pot suve. that. yeu are correct about an as
PRINI "¢f 2 "}S8$;'; just work with what you imagine it"

PRINT ‘vo te like,’

USING 64,FLS,E%
G €9,FLS,Q%

”SING 1215,FLS, "Attribute dimension sterage
,€28,P0S1IGY _ _ o

USING 1225,FLS, Sﬂété fatl.”

,C30

CDT? e

O%='Can vou specify a way, in which one of these®
REWRITEFILE USING-53,FL5,Q%

GOSuH 53735

P=193
FOR I=1 T0 3
“-CHR(])
=P+4&b
c neId
PEWRITEFILE US1ING 1310 FLY LN, )L ASE)
FORM POSP;C1,X,C2,X,C1,X, c3o

to
lf
peft
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1315 X4(l)= A%(E) B -
1320 NEXT 1 o -
1375 Qs="is different frof_iue other tuo (in o way that matteis
1330 REWRITEFILE USING $9,FLS,Q%

1335 Q$='to you nouwl? pPleace ansuer YES or NO

1337 REURITEFILE USING 1350,FLS.Q%

1340 EQRM.PDSS?7. CJJ;P05633

{345 READFILE USING 13590, FLS, Q%

1350 FORM_P0OS&33,C..

1355 REURITEFILCE. USING &4, FLS,Y$

1360 IF Q$#’ ND: GOTO 1385

1365 FOR I=1 TO 18

1370 PRINT N

1375 NEXT I

1380 GOTO_ 1250

1385 IF. Q$- YES GDTD 1%10

1390 REWRITEFILE USING 365,FLS,Z%

i39u REWRITEEILE USING 1400, FLJ,Y%

1400 FDRM POSSI3,C83

1405 GOTO 1335 S o
1410 REWRITEFILE USING- ILIS;FLS; ‘Uhat is tihe number next 1o the’
1415 FORM POS&L1,C32,PO5673 _

1420 RFURITEFILE USING 1H~J;FEJ,S$

1425 FORM . P05673,C e A,

1430 REWRITEEILE UPING 1HJJ,FLJ,S$ fﬁé* differs ?°'

iG3% FORM POS785.C16, POS721

IHHO REQUFILE USING IUHJ,FLJ,C$

1445 FORM POS721,C

1450 Q$—STR(C$ 1,1)

IHS- 1 GOTD 1465

1455 1465
1457 = NUHKQ%)

luéﬂ GOTO 1497, . R

REWRITEFILE USING 1470,FLS, "Please type r ;2 ov 37
FORM_PCL"#%,;C28; pPOS777
PEAUFILE U'ILG 1480,FLS,CS
!
USING 1410 FLJ,Q1 )T(D
218,X%,C Lo o
USING 1920,FLS, Tis ‘different from
,C20
1573
15965 o
T UCING 10 qD Etu X461), and’
FOPA Pufl~r,CTU ce,PO3227
: €=1_ __
1540 ODTO. 1575 o o
1554 REWPFTIENTLE UGIHG 1570,FLS, X4CI)
1570 FORM PO_-g.,C?U Y
1570 HEXT 1 . . o :
15450 Q4="1Tn ot _mice. than three worde cach time, please describe’
1585 PrURITEFTLE USTHG e FLL. 01 -
1500 Wi=how e dlifed gifiei fucen each other L
15es REURITCFAILE UL IdG S7,005,0Q¢



166U MCURITEFILE USING 18065,FLS, 'Firgt describe *,X$(I)
1605 FOkn POSY49,C15,C30 :

1610 REWRITEFILE USING 1415,FLS,X$(I), is :°
1615 FORM PCSG13,C30,X.CS, POST77
1670 READFILE USING 60.FLS,EB$CJ)_
1630 REWRITEFICT _SING 61;FLS; "On the other hand,
1640 C=0 .  _
1645 FOR i= L
: 1650 IF I=H GL' . 1690
1655 IF €21 601G 1680 L
1650 REW.' ... USING 1665,FLS,X$¢I), and’
16¢5 FOR4 POS705,C30,C4,POS739 o
1670 C=1 *° : -
1475 GOTO 1690 o I
1580 REURITEFILE USING 168B5,FLG;X$(I), 'are :° T
1485 FORM POS739,CI5,C5 P
1690, NEXT I
1695 PEALFTLE USING 63,FLS, () S o
. 1700 RFURTTFETILE JISTNG 1710.70.5, ' ¢ vnii Fc3cén3bly Kappy @ith’
1710 FORM POGD33,C20,POSB6Y
1715 REURITEFILE USING 177r,r;5,'ih;5 desc-iption ?°
1720 Fubo. POSB&3,C20,; PAOSBE!
1725 READFILE_USING. 1730;FLS
1730 FORM POSBB3;CIO0 ._ _
i 73% IF Q%='NO° GOTO 1760
IF Q%='YES' GOTO 1823
REWRITEFILE USIiNG 364,FLJ.Z?
)70 READFILE USING 373,FLS,Q%
1755 6OTO_172%
17460 GOSUL BOO: S o
1775 REWRITEFILE USING 1780,FLS, ‘Do you want to describe again’
1780 EORH.PN5193;630,P0OS223 S -
1705 REWPTTESICE USING_1790;FLS; ‘how' ,X$(IN

== USING 1860 FL» ;a|1iér§ from thes other tuwo ?°

-IHG 1810 FLJ,Qi

o
,COTD 1490
_GO0T0. 1197

_=APPY_WITH DESCRIPTION #HH% .
$ZICTT J~5CALED SCORES OF ITEHS ON CURRENT DIH HH

LU now have a scale going f om”

USING S1,FLS,Q%

s thiw scale 0.K?°

2]

1525 ' ITEFILE USING 1957,FLS,”
1957 EORm P «3.C17,POS787. .
1955 RESTFILE_Q51NG6. 1959;FLS; Q%
15% FORHM POST37,C10_

1960 IF G%='YES' GDT0 I970

1951 IF GE='HO° GLID 1760 .

1967 REWRITEFILE USING 1964, FLS;Z%
;9¢g FORM POSE33,C25,POSES?

17¢% READFILE USING 1964 ,FLS,QR%
19446 FORHM PORESY,CL0

1967 GDIU. 1%dy

1970 GOSUK 8000

r] [f
U7
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1972 Q4= It <hould be possible to give esch

1975 FORM POS1, £39,229 .

1974 REWRITEFILE_ USING 1975,FLSQ%,5%

1980 Q%='a rating from 1 _top 9 according to

1285 REUPITEFILE USING S2,FLS, Q%
1990 Q$="on the scale’ L
1995 REURITEFILE USING 53,FLS, Q%
2000 P=193 _ .

2005 GOSUR B8R0

2065 P=211 -

2080 FOR ¥=1 TO M1

2085 P=P+s5%

2090 P1=P+hl

5100 REWRITEFILE USING 2105;FLS;Y%

2105 FORM PDSP,CHé

its position’

2130 REWRITEFILE USING 2135,FLS, Your vating of’
513’ FORM_EDSP,C14,X%,C24,C5, POSPL

21406 REALFILE_ USTNG 2145,FLS, 1%
2145 FORM POSPI,C2.

2150 Q‘*“TP(I% 1,1 .

S3nn TF Qf:t1t GOTO 2165

2159 17 G

2157 2414

2160 GO0 22
2165 Pl=F+&4
2§72 O s kledse. type a number betuwech
2175 RERPITEFICE USING 2 2180,FL3.UQ%
5180 FORN °USP2:CH4
2195 GOTO L1060

- USINC_2252;FLS,
Co6, RPOSS2D.
5 2057,FLS; 0%

INGS NOT Dit ®¥x>

2529 GﬁlO 119‘
2531) REM #rr- ELICIT IDEQE PDIN1 R
2835 GU:UB €130

2540 Q% *Thinking only ahnuf the
25495 EEURITE-ILE HSING 91,FLS, NS,
a5 QRx='en_the ccalv vould you

REUPITFEILE USING S2,7LY, At
PITEFILE UGING. 2565, F17
POS129,C?,C40

p=193
BOBUR BBel

66
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tan Iﬁ[ht
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for'



85 REWURITEFILE USIMG 2590;FLS; "Your best possible value is
90 FORM POSL03,C29,PDSL33 -

2745 READFILE USING 2770,FLS,I%

2770 FORM POSL33,CS -

27175 Q$=STR¢I%$,1,1) .,

2795 IE Qs"li GOTO 2860

2800 IF Q%»'9'_ GOTO 28640

2802 EH(J)=NOHMCOS) e

2805 REURITEF;EE USING_2B810;FLS; "Is this alright?

°5 C17, P05612 L

Al
FORH P08612.C10
GOSUE 800D
"YES' GOTO 3080
5 IF. Q$='ND’ GDT0 292
KEWRITEFILE WSING 2252,FL5,Z%
REWRITEFILE USING 2850,FLS,Y%
FORM POSS9?%,Cué
, BOTO 2805

PEH **k*&************“*****#******’****“**

REWRITEFILE USING 2870,FLS,Y%
EOQORM..POS403,Cué
QRs='Please type. & number between 1 and 9
REWRITEFILE USING 2890, FLS,Q%
FORM eoqsai;cza
5 GOTD- 2585 - o
REM ****RATINGS NOT O K o MR 2060020 R N K
GOSUE 8000
P1=1
goY0 8270 -
REM kh*kk****&*¥***&*******&*¥&hk****h****&*
REM —==—-—=~-=— J TO I SCALE MAPPING —==————-
5 GOSUR 3000 7 .
fit=0-Lilgy . o -
5, IF B(J)«5.01 GOTO 3115 L
D=/
FUR i=1 TO N1
02=2{I, )-B{J)
N{I;ci=D1-ABS(DZY"
EEV* b
4 B f AL ik b Rad e f e ebabieabataBatol R
5-“ ~—'~“3DST SCALE SO THAT (WORST)Y=0 ANMI (BEST)=1 --=

TO0 N1

,Jdy»X1 GOTO 31(0

. d)

JYeX2 GOTO 3180

X2=x(1,4)

NEXT I

X2=X2- -X1

IF X2».9 GOTO .13‘7.; o . -

REM RN NEHNNNNN RPN AN RN NARE KRN NNR IR R RN RH R

REM —=-——-— ALMDST NO RANGE OW. I SCALE ——==-77 B
REWRITEFILE USING 3210,FLS.° Theve seems to be very little’
FORM FOS&5,0230,POS?S o . ,w,,”,f”,”
KUSRITEFILE USIHNC 3220,FLS, "vaviation in your pirefevence’
FO#M PDS9S,C30 L

PﬁUPITErILE USING 3030,FLS, 'ordering of ,P%

1.
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3530 FDRM_ PDS129.C12,X,C30,P0S172 o
3235 REWRITEFILE USING 3260,FLS, on this scale’
3240 EORM POS172,C15 . . L
374% REWRITEFILE USING 3250,FL3, "Yeu have the choice of
3250 FORM.-POS257,C30. . o
3255 REWRITEFILE USING 3260,FLS, 1) Changing yodr ratinas on’
3240 FORM PDS389,C29.PDSH18 . o
3245 REWRITEFILE USING 3270, FLS; "this scale’
%270 FORM POS418,C30 L S
3275 REWRITEFILE USING 428C,FCS, '2) Changing the ideal value’
3280 FORM POS453,C30 L o
3785 REWRITEFILE USING 3290, FLS; '3) Changing nothing’
37290 FORM_PDS517,C30 : o
3295 REWRITEEILE USING 3300,FLS, "Please type your choice.’
3300 FORM POS&41,C27,P0S66B ) }
’ 3305 REWRITEFILE USING_3310; FLS, "1 .,2 or 3
3310 FORM POS648,C17,P0S&BS..
%315 READFILE USING 3320,FLGT,I¢ -
3317 GOSUR BOOO
3320 FORM_FGS683,C5
* 3325 IF Is='1' GOTO ;97;
: 3330 IF Is='2' GDTO 2540
i 3335 IF I$='3' GOI0. 33 “
3340 REWRITEFILE USING 33uJ,FLJ,Ys
3345 -FORM POS641,C83
3350 GOTO 3295

2355 REM ;;;;;i*****i**&uugn*****»*u*iiii;i>¢**'V******
3360 REWRITEFILE USING 3365:FLJ, oK’

3365 EOkM PDS705,C2 o

i REYRITEFTLE. U"]NC 64 ,FLS, 'Press EXFEUTE teo proceéd'
READFILE BOSING 3000 FLS, 0%

5 HL{JI=-99_

GOTO 40uS _ . o R
REM *“'PDHPUTE VQRIQNCE IN PREFEREHNCE DRUERINGS % % %

vid)=2

FOo I=: TO Ni

(T, i=(xX¢I, J3-%177%2
Y(gr=To+X(I, )

J0S)+X(T, )12

TEV (=Y (D) 12y /NS

370 HUMJ

'»*v-vﬁi&ki w&k**kﬂ**ﬁ“***“**!*%**!ﬂxi**h"i*hk*iu

UCUI CHECKING —————==w-—======

=i TO N1 .
+20T,J¥R%UT, M), g
1> YLIIEY M) /Y

)= OR(S(JING M)

t1 D 3740
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3535 REWRITEFILE USING 3540,FLS, "Your prefevences for

3540 FORM_POS63,C20,P0S95
3545 REWRITEFILE USING 3550,FLS,P$
3cc¢ FORM POS95,C30_.._ _

3555 REWRITEFILE USING- 3460 FLS, "under considevation

the

in teviig’

3545 REURITEFILE USING 2570,FLS; of their vatings on the sdaler

3570 FORM POS158,C30 o
3575 REURITEFILE USING 3580, FLS, 'ranging from ;B$(M)
3580 FORM_PDS193,C14,C30,P0S237 o

3585 REURITEFILE USING 35%0,FLS, 1o’ ,C8(M)

3560 FORM POS237;C3;C30

3600 FORM PDOS257,C28,P0S285 .

305 REWRITEFILE USING. 3400,FLS, seem very much tHe same as

3605 REWRITEFILE USING 3510;FLS, 'your prefevences for the "

2610 FORM PD528%5,C31

3515 REWRITEFILE USING 3620, FLS,P%; 'in terms of their vati.

3420 EORM. PDS321,C30,C30 &

3475 REURITEEILE USING. 3530°FLS, "on the scale vanotng from’

3430 FORM PDS3BS;E£28;P0OS413
3635 REWRITEFILE USING 3640,FLS, B (D)
3640 FORM POSH13,C30. S
364 REWRITEFILE USTING _3550;FLS; " ‘Yo ,CHLd)
3450 FORM POS44%,CH,C30 ) . o
2555 REWRITEFILE USING 3660, FLS, boes this mean that
513,030, POS543 ] L
3665 REWRTIEFILE USING 3670, FLES, "stales mean simitlar
34670 FORM_POSS43,L30 . -
3475 REWRITEEILE USING. 3480,FLS, "to you 7’
3680 FORAM POS577,C8,P0S5S86
3685 REANFILE USING 3&990. FLE. Q%
FORM PDSJBé cis-
"YES' GOTO 375
ND' GOTO 3730 S
FILE USING 36%,FLS,Z7
RPEQRITTEILE USING 3720,FLS, Y%
FORM POSE77,Ce3
25 GOTQ 3675 - -
REURITEFILE USING 3735,FL5, DI’

f:EaDFILE USING 69. FLS.,03%
5a3U® £000

FmPM =5STAS.C2

. --‘o-&a#k&k**&#%*#&*#*V#*#*##kk*B**
seessw CONSTPUCTIVIST SOLUTION #=¥»
_gqun

2270 Pl J+1

377% 1IF. Ki.81 GO10O 3800
3795 GOTO 1210

3600 HiMI=-J

305 N2=N2-1°

FUR i=1 TO Nl

€9

these

9s’

two’

REURITZTILE USING &4, FLS,; "PRESS EXECUTE TO PRDCCEU



J ~‘;JJA»Z(I J)
3840 §2=S2+Z(I, JIRZ (I, M)

3845 NEXT . I__

3850 R1 NI*S2-J1#MI S S

1855 *U.K. Ptease type in_a. word (or phvase o7 not more than’
3860 RCWRITEFILE USING 51,FLS,Q%.

3845 Q%='three words) uwhich has fhe 53me medning as both’

3870 RE RITEFILE USING .©2,FLS, Q% .

3900 REWRITEFILE USING 3905,FLS,HB$(M), " éhd'

3905 FORH_PNS129,C30,C4 ’

3910 IF RI<0_GOTO 3930 . ... . _ ... .

%915 RENRITEFILE USING 3920;FLS;EB$(J)

3920 FORM PUS163,C30

3922 GOTD 3935 - - ——— - -

3930 REWRITEFILE USING 3920,FLS,C2(D) S

U935 REwRITEFILE USING 3940,FLS, "Your neu Goirds(s)

3940 FORM PDS257,C20,P0S321

Z9u5 RCALFILE USING 3%50,FLS,I%

3950 EORM. . POS321.C60

3955 Qé='Naw__please type in_a word (or phrase of not move thaR’
3960 REWRITEFILE USING 59; FLJ,Q& S .
3945 Q%='three worde) uhich has. the same meaning as both’

3770 REWRITEFILE USIhG &0,FLS, Q%_. ..

3975 RC RITEFILF UsSIiG 39BU;FL5;E$(H)

PDSew1,C30
IF R1<0 GDTD L00% S
. 3990 REWRITEFILE USTHNG 399%,FLS, “and’,C%(J)
: 3975 FORK POS672,C3,C30
i 4000 GOTO 4010 . o
4U05 REURITEFILE USING 3995,FL5, "and’,B$(J)
G010 REWRITEFILE USING_4015;FLS; Your new word(s)
G0i5 FORR POS705,C20,POS769
%920
w025

T30

‘

USING G030,FLS,CE(D)
74%,C60

————— MO_SIMILAR. MEANING KETWEEN.
2 SCALES. DF SIMILAB RATINGS ~=---

r,'\

d you tike to be reminced of the information you’
I*E USING q_,FLJ,QS
Lugn _put _in_so far?’

LoRs > TILE USING. 4090, FLJ.O%
GO»0 FORM POS1Z29,C19,PDSIS0_
3110 REALFILE USIMNG 4115,FLS, Q%
NJJJ FORM PDS150,C10

41295 IF Q%# YES® GOTD [ RI%]

4127 GOSUK HOUU

4135 GOTO &%%0

L1490 IF. Qe# N0’ GOTO 445

tiv1 GOS0 8OO

HigR2 GOTO 4149 — ... ..

Libg RLURITEIILE USING uu,FLJ,Z

70

~}
hia WY

O

ERIC

Aruitoxt provided by Eic:



. 4150 REWRITEFILE USING 4153,FLUY;Y$
4155 FORM PUS129,C&3
4160 GOTO LOBOD o
41465 REM **%*»*[IIRECT ENTRY OF DIMNENSION POLESH®®¥issxsux
4170 QR%='Can you think of any pther _way that the’
4175 REWURITEFILE USING HIBO FLS,Q%,P%
4160 FORM.POS1, C39,X,Cu5 S . .
4185 REWRITEFILE. USING 4190,FLS, "differ frbom edch ottier 7?7
G190 FORM.POS55.C24; POSPO0. .

30 REALFILE USING H"3S,FLJ,Q$

; FORM POS%0,C10

REWRITEFILE USING 64 FLJ,Y$

IF Qe=" Yco GOTD u27S

IF Q3$="NO' GOTO &S00

REURITEFILE USING 365,FLS,Z%

REUWRITEFILE USING J&,FLJ,Y$

GOTO . 4185

J=J+1_ - ,'

1F J:S1 GOTO 1210 S

»="1in not more than three words each time, please deswriix
ITEFILE USING 04, FLS.,Q% | = o

how some of ihem diffev fyom the others

EWRITEFILE USING 5S,FLT, 0%

REWRITEFILE USTNG. 4340,FLS, Some ave

FORM. POS385,C10, PO5397

READFILE _USING. 4370,FLS, ke (D)

G370 FORM PDS3%Z;C52. . . S

4395 | RITEFILE OSING_ BY00;FLS, "Uheras others ave

. , yi.00 FORM POSHL?, C19,POS48?_ _ . . -

r 4405 REAUFILE USING uu10,qu,cm<3>

' Ly10 POSLAY,CLi ,
w415 REURITEFILE USING 4820,FLS, Are you veasonably Rappy with’
4420 EORM. PDG577,C30,P05607 .
L% REWRITEEILE USJNG 4430, FLS, 'this deccription ?°

. E53U FORM_206307,0C20, POG627.

REHDF LE USING wuuo, FL;,Q?

OrRM Po5627,C - .

GCTO HuSS

o

3

[T P

e A

WD

AND DIFF. "

00
Lz 1¢ 1.3 GoTo 119% L . N
- wE3n PELLITEFILE USING 453%,FLS, "Hd yei tHifik ydu mave now’
4535 FORM. F36%, 0264 POSTL -
g _USTNG 45435 ,FLS,

wurked throuah enough af the’

‘main ways of describing’

"9 c'u Pus14 - . o :
ILL USIRG U%5es FLL, ‘simitarities and differences’
Fulm PULLSS, TAD . I e
PEUP’)LIILI UsTHG G575, FLS, "betiicen thie P4, "which you'
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G575 FORM_PDS193,€12,€30,C L
4=@0 REWRITEFILE USING 4585,FLS, think are important ?°
4505 FORM POS257,C23,POS280 ‘
4E90 REANFILE USING 4595,FLI,Q%
4595 FORM PCS2B0,C - - ..
us0% I¢ “YES' GOTD 4533
HE10 1IF Q%< NO' GOTO 4413
G&£11 SOSUB 8000
G5in GOTO_119% . __
e REWRITESTLE USING 365,FLS;Z%
REJRITEFILE L'SING 4625, FLS,YE
4625 FORM PDS257,C43
u4¢30 GOTO W580

4635 REﬁ”%?f*iiiis&**glt&xx*y&giiggiii&id»#i****x* o
. 4840 REWRITEFILE USING 4545 ,FLS; "De vou want 19 investiigate’

‘45u5 EORM_ POS3ES,C27,POSH12 1. _ o .

G550 REWRITEFILE USING G&SS,FLS, "your prefuironces among the'

5655 FORH_POSY12,€30 : , o

La60 USING 4665,FLS,P%, on the basis of the’

Y665 5 £30,720,P0L8Yy?? . o

4670 | USING 4é&75,FLS, 'similarities’

L&6TS FORM PJ A o2 o

4580 REWRITEFILE USING _4&65,7LG, 'and diffevrences you-have

w&8S FORM POSS513,028,POSSML . .. S '

4590 REWRITEVILE USTNG 4695;FE5;‘describnd so far ?°

49, EDUM. POSGW1,C20,P0S561

4700 REANFILE, USING 4L70%,FLS, 29

4705 FORM POSS81;C .7 '

u7i% IF Qt="'YES' _GOTO0 4855

4770 IF GE='NO° GOTO 4745 .

4795 REWRITEFILE USING 36T,FLS,Z%.

4730 REURITEFILE USING L7735, FLY, Y

4235 FORM PIS513,C63

w740 GOTO 4éBO oo

7Y P,En"g~-»ﬁ;unm:»kv.v:k&vu)(-t;rxg*gv&gxg§xnmﬂ-w&iﬁeﬁx .
REUF-TIFILE USING &1,FLS, 00K, that is all for now.’

nelNG 4755, FLS lis yia vaent to save al! this’
,C30,P0S671 : .

USING. B7&5;FLS, information 7

,C15,PUss8s.

ING G775,FLS. QT

,C

CGOTO 4500

. : Gk COIG uB30. ..
5 La0s KEWRITEFILE USING FHLLFLE, 7%
=36 RCL, TISTiLE UGING GUIn,FLS; YE
HR1S FOLA FOS6ul,Cé3
SUL Gu10 70

Goos Print CLAaTa NOW FILEIC IN FICU NUMLER'® ;352

B30 PRINT "MAULD HAS NOW FINISHEL.®

LBy STOP o e
B P h'-‘*r*)‘)’({{?Tﬁ}{“f%‘:ﬂ#)*ﬂVl'Mi‘l'%‘“")ﬂ"k!‘ﬂ*&)’“)‘:(

URITERILL UsING  au,rLS, e

REALEILE USTRG 69, FLD, 0%

O
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! ) Lgs5 GOSOR 8000 0
LHUO 1F K2=0 _GOTOD 4?70 R
LB88Y REWURITEFILE USING 4890, FLu, Do you uéhf fo complefe Yo,
4890 FORH PDS6T,C30, POSYS )
4695 REUR]TEF]LE USING 4900,FLS, 'previcus (incomplete)’
4900 FORH P0S129,C22,P05151 e
4905 REWRITEFILE USING 4910,FLY, 'investigations of preferences’
4910 FORM POS151,C30 E R
4915 RC!RITEFILE USIIG. H?”O;FLJ,'(rafher than start again) 7’
4920 FORM POS193;C29,POS222
4925 READFICE_USING 4930, FEJIQ$
4930 FOPH P0522° C3¢0 .
G9G0 ] ' GOTO 4980
L5 RLURITEFILE UaINb 369,FLY,Z4 .
4955 REWRITEFILE USING Su,FLS,Ye
49485 GO0T0 4915 .
4970 REM_ **4#*!***“********#***3***********i%*#kb***¥*
L4975 K2=0 A
He8sS CHﬁ*N 'EQU : a
} CHAIN U'.? '
REM #* ***&*“#h*%x&*%n***k&**#****l*¥xNﬁ%%#*l*k
WRITEFILE USING S005,FLS, 'Press EXECUTE to procecd’
FORM POSUM%,C30,PUSHT? o
JUIU RLADFILE UDING 5015,FLS,.QY
50313 FORM POSLT9,C
$020 EOR..I=1 TO 1
5029 PRINT.
S030 NEXT . L. e o
5115 ITF H(3)=U GOT0 U125
5120 GOTO 4160

I USING 9195,FLS, 'Ilo you want to revate’', Pt
s, c2i,%x, 630 .
Ite USIJG 5146%9,PLS, ‘en dimension  (°,J%, )"
29.C1%,C%,C1,P081%0
ST OUSTING S175,FLS Q%

- . 30 L

1ISING 2360 ,FLS, Y4
rJT(‘ ﬂjb:

USING 3465 5, 2%
£ USING 5«05 FLJ Y4

';;.,»,tg*,,m'mmsr FROM FTLOD %5 w5 % K56 s s 3t
USING S225,F05, None-
TS X

RUH wreeraxiriiy CHATHING FROH TTLOG #retixrsidrmspee
URITEFILE USING 5279, FLS, "Nonce®

GO 4,""0 i I

Rh% x»x»»*n»a;xnu*ﬁ#»#&**h*4*¥k*&*¥
REM ¥xxnsssyrr SUBROUTINE. &% F %X 55 %555 K
RE®F #3884 RANDOM TRIAD GENCRATOR HHHHH
GU13+TNT(NLI#NHII+1)

G2 ldT (= pillii 1)

IF G(1)=6(2) GOID 93295
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SU05 G(?)—INT(NI*RNUiI)

sg10 IF G(1)= 6¢(3) G010 ”09

S415 1F_G(2)= 6(3) GOTO 5403, .
5420 RETURN o ’ i .
REM ***** SUﬂPDUWINE **»****n*axr*

REM ®x¥x FILE [ATA HRERERMRRANN

Gosun 8000

PRINT FILE NUHBER FOR DA1A°

INPUT S2

§3=52+1

SJ—SH+1 : '
- WRITEFILE FLS, 'F’ - o /
OPEN FL1,! EBO .52, ‘Fi';DU1;I0ERR 5990 /
,0 PUT FL1,T4.8%,F%, J,Ni, N2, K2 /
s, CLOSE FL1- . o o -/
OPEN FL2, "EBO’ 3. 'F2',0UT,I0ERR 5990 % X
HAaT. PUT FL?, A%, Bs cs /
Sy60 CLOSEFLZ o _
=q45 OPEN_FL3; "EB0',SH, ‘F3+,0UT,I0ERR 5990/ ,
5470 HAT PUT FL3. tH, g,n u,u, LY / .
5475 CLOSE.FL3 . Vi
Sug0 OPEN FLLE FLu; 'EBO . €, F4';0UT; RECL 5200, 5EQ; JDERR 5590
sup1l WRITEFILE ECH MATZ
5482 WRITLFILE FLY, HATX
Sug83 WRITEFILE FL4,HATR
Su@Q CLOSE FILE FLUu
rson RETURN o -
7 REH. ¥¥v*¥**¥*%%kil%%%hhn%KK**k*¥¥i**%¥*
PRINT 'HAD FILE' - .
PRINT ' RLMAVE FiLEGhACE aAnu J¥PL "GO $7%90"
370P
0 REM **"****!”PLAH HATA FROM-FILEMseRRRRIFEK
PRINT "F1LT NUHEER FOR DATE? )
INFUT EZ

ziic g2, F1°,IN; IOCRR 6990
-:50% . Pa, 0,01, H20K2
Tizage, 8%, F2,TM, 100RR 6990
SRy T T et

; ;gu,”Fz ,]N ioERR 6990

L3,H, S, F, 8, U,k

_EL , (EBUC JGE; Fu 16, TOERR 690

READFICE LG, MATZ

REALIFILE ELuHATY

REALFILE FLUSMATR

CLOSE FILE FLM. I B
prINT 10 YOU UANT A SUMHARY OF THE HATERLAL OM FILE?':
see0 INPUT 07
&Uw0 L yEEC AT E1%U
sinbl It fut Lbio nan
&120 PPIUI 7%

L1340 PRINT
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610 GOTU 6070 .

6150 CHAIN "EBD".2 . L

6990 PRINT "HAD FILE; . - ABANDONED'

6995 ST0P _

7680 REM #®#ui! ERUOUTINE=#xxs IISPLAY ALTERNATIVES
7690 FOR I=1 Tu N1

7692 1$=CHR(I)

7695 P=P+&l S
2760 REWRITEFILE USING 770S,FLS, U ", 1%,° Y THAS(D
7705 FORM POSP.C2;Cl1; C3,C30

7?10 NEXT 1

7715 RETURN ]

7900 REM *****~5UBROUT1htt»g*# EHECK NUMERIC INPUT IS IN RANGE

7910 READFILE USING 7915,FLS,C¢
791% FORM _PDSP1,C

IsSNUM(CS)

IE IxN1 GOTO 793%

IF 10 GO0 7970 -
pP=Pioy

I1¢ CHR(NL)

Qé="Please typre a numbcr betwecn 1 and
REWRITEFILE USING *940 FLS; 8%, 1% T
FORM POGP,C36,C1,P0S - ;
READFILE dvING 7960, FLJ,CQ
EQRM POSP1,C

GOTO 7920

7970 RETURN
Qoo R : ¥y wBORR 111NE»¥*X**kCLEAP SCREENk#®i %433
5605 FOR I=1 TC 16

:LE USINP FLJ, You can’ . .
I O T I Cunrol this scale (snd all ratinas on
':IZE,USI”G 53, FLJ;Q$ . )
( 2 ) Change vour ratings on this
USIUG 54, FLSG, Q%

.D 8210_

Cate’

n

7 SING J‘J,FLJ,Q$ Lo
ould you like 10 d0°
= UqIN(J 57,FLS, Q% -
TO 8330L_

type in 1, 2, o 3

 Fléease type in 1, or 2 '
TILE USING 8340,FLS,Q%
13,6G30,POC0LN

tHiNB B3IS0,FLS, A%

'IF in'l’ GOTO 2390

1 @¢-'3° GOTC 8390 _
G255 IF Qi 2 8Pl=0 GOTO 8390
8367 GOSUM BROO_

8370 IF Q%% 1’ GDTO B3E0

Ba75 D =-299

p377 GO0 1195 o

£300 IF Ot='2' GOTD 1972

75

¢ 7 ) Changé the position ot the ideal valie’
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RAYL
GA97
[
Buus
8ul0
BYLIL
BLIS
goun
8909
6910
fv1y
fgeen
8YLy
aoa
ge2so
gonn
[STATeN
GOl
HYLY
GIYY

GOIO 2540 -
RELLITEFILE USING S9,FLS, Y4
It P: O GDID BHOD.

Uiz @ must choose one of 1,

GLTO & L
Q4=" tou must viHaoce_either 1
FLWRITE _E USING ¢1,FLT. Qs

GO0 B30

REHM ®*nrasaaSUNROUTINE***x»xn[1GPLAY
REWURITEFILE. USTHG &8,FLS, RE(D)

FOR 1=1 16 ¢

p=pP+&L

J&=CHROI) L

1F I#y GOTO BS3U A
REURITEFILE USIAG 8935, Fi, O to
GOTO 8940

PLURTITLFILE USING ©935.FLS, 14
FORI POST,C30

NEXT I

P=P+&4 . . L 7
REUPTTLIILE USIHG B8935.7LS, Ce0b)
RETUFN :

sior

[P

0

5

, or 3’
ro 2
CHRLE* r e axy %
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0010
0020
go3y
(OS]
0040
0070
05630

0ooy

0100
0110
0140
0150

0150

0170
0180
0150
6210
0240
[(SKA1]
ozZu o
02e0
4230
0300
0310

ulhg
Basu
06240
Bas0
[HICSH]
L2
Gl
Sl
Su20
A
S|
IR |

LT

pLiin
0594
a0y

670,

04240
030
ol
Uenu
naan
Lavl

REM . . T B S L
REH o COG  HEH  CHAINING WITH COMMON USE AREA
REM _ . .. .. ..

USE 14608320, P30 .

UsL ©,.J,N1,R2,K2,51 N

USE A$SUT205, BEFEUCDT)Y,TEE0L20)

USE Z(20,20),%020,20),R(20,20)

USE H20),8¢200, 120y, U205 ,U¢20), L1200, Y200
DIH (0460,X560¢3),Y960,2%60 -

[l F20),6GC20)

REM Hus

REM ————-m—mm o
Y o : . !
Z§='Pledse type YES 6r. no’
Kot '

REH HHED

PRINT TLP :

PRINT FLP, "¥ermi SUMMARY FOR T4 ®xaei”
PrEIET FLP o L -
PLEIHT TLP,X=: 6. UHLER CONSIDERAYION @ -
IF. M1:1 ©OTO. 2120

I UR 1=1.70 N1

14-CHRLL)Y A

PRTHT PLP, XS O 01400 A% L)

IF Ueij<-.5 00T

PiziHT ELP, CPREFLLD VALUE

PRINI _USTHG 250,17 (@)
TH L

FLE

w1 oree

1.
prisaT FLp o R
P DTOFLE, R NI TRIIITE DLl s0onNs uoins
TEL ILTO 200
cTEo-=. S0 J
- - LA . .
£ R S S S P A LLRGHD T 1YL TO. ..o
e T S XA R -

- - —If0 GOTO B70.

ToToToe .y IDEAL VAEDUE = JB(M)
: - T BOTO 450
= - o=u GUTY YD
.-+ 2% .C0To ued

CILURITEG 0N CAICE LLED BECAUSE OF SIMiLaRITY
JUMTTH UIREASION  HL; )

EaLt Cr e InS TASEAPECTT . DIMENSTUR CANCLLLT L
: ,

AT ee o L o
Pede FLE, N0 UARIARCE TN PRI SERUNCE UVDERING LN THIGS
PiRie, TLb. DInEbLIong .

[RISR RO ¢ B o 7

PHTIY FLP, CRATINLL Cr. ILLED ON THIS SCALE)Y”

IO W) =20y G070 6E0 . . o
Py T LU CATICR IO TO FETOET Inmal PG T

E @40 108 Coril Tou
I Himy 200 Tin - - I .
fre I Pp e w fLATIVE TR paRInuins =
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R T S e

06T PRINT USInE 350, FLP, U
0690 FRINT FLFP
g700 GLI0 720 L I
0710 PRINT FLE,'(JN?[S(IGaTiuw OF PLLATIVE IMPORTANCE S
0770 PRINT FLD,  IDCORPLETE)”
070 PRINT FLP
G740 WEXT M
7Sl BRINT FLP
g7£0 PRINI.FLE o e
0770 PRINT ELP " RATINGS Gi v pg:  on ATTRIROTD BLRENSIOHST
n7eU PRINT ELB ... . . ..
0010 PRINT FLP;SIR(SH;1,9) ; TARI0)
op20 FOR 1=1 70 NI
0830 @ s A
G0 PRINT USTRG 830,FLPITS
geso HEXT I
GEEO PRINY FLP o
pu7li PRLINT TP TATIRIBUTES
QuHt PRINT FLEL IO RN U
874 FUR M=1 70 J
094, Me=CHna? L .
0910 YRl FLP, "0 He ) g
rvwog FOR 11 TO R
] (ISR R ~ L
St PRINT USTAD U0, FLP 7T MY
vyun MEXL. T .
poall PRIVT.ILE.
0g76 1 HOD =0 G0 1110
poeu 10 HiMI=0 G010 G0v0.
0oy PUIMT FLE, S vaLun T
jern FOR 3=1 70 4 o
Loty FEieT USHE @30 FLE YR
then ufs Gl

FLAD BRI T OFLP

fiip 5o+ o) 0 DUTU 1150

IRATHINE HE o i - . ,

P S R S R B SIS ancrhir B oEnnr o GIILARTTY TS

Cin bpje st BT HER]T)

=TT Emiirns 1pconiuin D CAHTELLE L

'
’

Sieg ERAU 1IEDC 7
G VARTANTL gr PEITEPCHCT ORDE LI

R R I B RN Lot LLLRT)

IR IT A  AA CT W IR AT S
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1306y
17310
1320
12290
pRAINE
13Lu

13460

IR
1054
1540
1570
TRl

LU

100
1410
1eé2h
1470
NI
R
Al

{1

TE 11«2 GOTH 1590

PKINT FLF :
PiiNT FLP, 'CURRI

DT PROFERENCS ORDERING (FROK W8T 105

PRINT FLP, "RONST; PUIF-ERELCE VOLUEES ARE BIVEN IN PRAFEETgs;
12=11=1 - -

t Uk

1

14

13=1 TC I2
11-13

FOrR 15=1 70 14

lé=

S+l -

IF FO1lL:_F(16) GOTO 1460
L3="(16)

Luy=Gaiay .

ECI&SY=E(TS)

ton
4

Prapn FLE,AeGLE) )

S

(o

RS IEI]

R

Pl
PRI
Qb oL
UIPJTER]
FOiE

T0QT L ALL.

LE,CE0, POGNYS.

1610 ELS T

i

PRINT USING 1950000, 7 (13

17RO, FLY,

Fiood TLE Ui, 1420,0080, 01

Fis - v20uT9, ¢

(S TU 1

L

e :

Tl USIHG 1470, F LY,

F - S35 PO

: z CaTedin 1700, FLY,
TIoE UWInG 1700, Ly

v R 03 MR M TISS B

E USInG
-2 7'v5i

S
Sl FLS

7o

oo DN CUTL

It o vou wand
coyy tatyon
preterence

rneividualt

i

to proceed”

te s

et on
evdevare

Ftiiibe i

h

vl

ron
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1900
1910
1920
1930
1740
19510

1978
1960
1990
2000

2010

2020
2030
2040
2050
200
2100
siid
2ize
2120
2140
21450

e

PRINT FLP, C 1M%; )"
FUR 1=1 TO HM-1 -

1IF H(I)+«.5 GOTU 1940
PRINT USING 930,FLP,RUT, M),
NEXT I

PRINT_FLP

B XT ML

PRINT FLE; ™ . )

FOR .I=1 TO -1 -

IF H(I)<:S GO10 2020

T (HH)D -
PRINT USING 00U, FLP, T
NEXT T '

PRINT FLP

PRINT FLP

PRINT FLP,  #il  END OF SUHHMARY

PRINT FLP
C=1 R
UHALN S H US|

"

CHATN "LE0" 1
C:j 7 ;
CHATH "t 1
STOP '




0010 e
wil BRCT 6 CHAIRING UITH CORAON LSE AREA

vuze
0030 . .

oL o TE&U, 5130, P40

0o t,J,n1,N2,.2,81

oush AEEIE20 T 100, CRE0¢20)

ao7a ZC0,20), X 20,20, N(20,20)

W HO20Y, S220), Bel0), W20y, U020y, L(20), Y21

00720 QLAG YEeD; Y9605 2560, H3192 N192,VE192,RE192, UTO0
0160 LIt NC20L700,TC20),V(20),D(20),Q0420,20)

Uil0 QPEN FIiE FLS, 002" ,ALE L

0i50 PUP ¥KY mmmmm e e e e ¥ ¥

0 Yo

Z%='Please type YES ov HO®
URITEFILE USING 320,FLS, "Preus EXECUTE 14 rrdceed’
FUin POGING,C30,POSHTY
READFILE USTHG Z240,FLS,D
RLURITEFILE USING 350,FLYS, Y%
CouM PoSuLe L6
FUulii POSYTR, 06
FEGETTLFILE ©v81H6
FORd POSSE, 050, PULYS . . ) .
070 ke ULTTEFTLE USING HU0,FLS, "the various Wwayve yoia have dced’
(uon FORA POS95,C30
gu1ft RPPURITEFILE UGING u2
0y 20 FOPv POS129,C15,X,C . o S
BUS0 PIUCETEFLLE USIHNG BN, FLS, "ave equally important n’
puue ok POSIYIC2L, PUSILIE. L o .
i OG0 REURITIVILE USING UH0, ML, "detlevmining youm o1 000 ciive
OUel FORR POLTIIHS,CE2, 05200
guyy RianiILE USTHG 400,FLG, 0%
oLl Fi
RSERIN

,FCE;:Qouid you like te awsume {hat’

,FLY, "1o denworibe the' ,Ps

DL ob SR INERY (LA o PR

N R R !

fafs E&D;FLS;Yi

Tt e e me = LI
B - e
X T Lo GOTG
e e i e e e WA b
RN Oh
-1
OINn YL
{ | - ;‘ :
{i i (IR LI
iy [}

]
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0737 WHEXT 1
0740 IF K2
0250 FOR 1=
0760 W(I)=1
G770 NEXT 1. .

3780 FoR ¥=1 10 61

6790 FOR 1=1.70 N1 ... . .

000U IF X{1,#)~:99 GOTO 820

0810 NEXT I

0820 T(MI=1

0830 Ti=2(I, M)

o84y FOR I 70 Ni

0850 IF_ %¢i.rmV<.01 GOTU 370

0880 NEX ™ 1

uB70 VAT

PHGO TIEMYI=Z(T M) -T3

LUyl BOXT M

oong REM s mmmmmm— o m e KRR
FiH[ NFXT ERCT »aor

ND2E2 GOTU 2670

V,I‘Vfﬁ7?*I*Q’\ﬂ’);;rri‘):;§*’i'§b'fib)»h?‘ﬂ'l)kﬁ)-_ﬂith

/5 G070 780
i 10 S1%

0970 IF HM) <15 CGRIG 1000
09801 IF H(M):2 % GOTO o0
0670 FUk 1=1 TU d=31_ .
1000 1F H{TI«,5 SOTD_1070.
1010 IF FCId:2.5 COTO 1070
1020 RI=QCI, M)

10304 IF R1-RI GOT0 1070
1040 MI=h

1050 Mo=1

1¢a0

Vel

o
h T
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200 B2=v(ra)
P HEXT 1
Rrﬁ PRINT r\PTIUNC i%hb&:kk*“xhhkifl“»R*&k%hk%*ﬂﬂ%%)‘i"h

1214
1215 g o
1220 SIU(M$ 1;32)="
1225 SIR(MS,44,8)="0PTION LI’
1227 STR(M2?,65,3)="3nd:

i264S STRIME,95,3)="1 A’

1250 STR(M$,99,23=CHRIP2)

L, iin . you had to chiese between’

1255 STR(M%,101,19)='06/5 chance {io det &
1265 STR(M$,139,8)="0PT10N A"
1275 STR(M$;159,1)0="1"

1700 SIR(MY; 1ﬁ1,26)-01|(q.,1,_é

1 5TRMSG, 188, 7)="that is’

j SIRANT,31,59="1 as .-

, IF LiZF1) 20 GUTO 12135

ST T, 30,29)~51P(hm(r1), , 20

GUTR 1320

SYReME, 34,29)-83TR(CT(71),1,29)
STK{NL,65,2U)="A 100070 chance to get o
SIR(HT,95,9)="1 as '

SIR(NY, I)f‘,h.)--aTR’ﬁ‘T(Fl) 1,29
STRCNT, 129,05 3TRIS%;,1,20)
PO=LIZNIST) . - :

2 GLTUO 124uM

Ir

1343 Py ,

1344 PE=P34130

1245 STR(HG,PS,7)="thal i’

GTR: 01,156, 89=i and as”

FoTL Ty 0 GOrO 13080 i
3. 05 =aTRELF2), 1,000

’

STRCCE(F2)1;20)

e+ e
T 3 010 160%
i R7I=STRBTIFLY, 1,279

'
‘

TP\(‘-(E"),];:’?)
ie

"fl((vu\’]) l;?()

. . TaND ad

CEe 142, 20 =THRIPE)

;-,\.t 10%,20)='0/0 chance ‘o get
1w, 127 ].{)" bul thit 1s atse’

.o

‘ead’

1
1560
Tl

<
IS0 TIFCYT ,80= i acloo
1SS BTROVYY H,230=81RI81,1,;,23)
Ties PL=LTIH
nLy I
1asa 0o
ey P
108 K

JUTH ST (e, 1,3)= av
1460 IF DCP2).0 6370 1500

0
L0

S

e
~

ERIC

Aruitoxt provided by Eic:



juus STR(RS;U,27)=8TRICHIF2I 1,27)
1495 GUTO.1802.. .. _ ... .
1500 STR(R®,4;27)=STR(HS(F2),1,27)
1502 STRURE, 31,052 1 as
1509 IF D{1)40.60TO_ 1525
1510 5TR§ﬁ$.36;29)=S1R(E$(F1), ,27)
1520 GOT0O 1836 .- - L
: STR(R%,§6,29)ﬁSTR(Bm’F1);1.29)
STR(R%,65,3)="as ’ o
STK(RS: &8,27)=STRIAFIGD) ;1127
j0 STR(E$;95,5) _as R
s STR(R%;100,.29) TR(AG(G1) ;1,29
GTR(RS.1uD;13)=".,. .for sure’
STR(RS,159,22="1_and as
IF Li(F23%1 GUTO-1580. L
STR(R$,;&9,25)=S1R(Cm(F2),1,255
HOTO. 1582 L
STR(Rm;1é8l255=S1R(U¢(F2);I;25>
Sr(Ud, si,50="1 as ' o
QTR 35529 =STRASLED) 1,290 )
C G1RtUL. 521 = WICH WOULE YOU PPECER: A OR E?Y
uRitgrice STHG 1661, FLS, MO NS, Ve R UL .
FORM PUUI;C;PUSI?B;CJPQSEGS,C,PUUS??;C;POS?&?,C,PUSREH
WFILE USIHG 1610,FLD.QT
=Okh POSEEH,C1 7
IF Gt='A" GOTAO 1650
1E. Q%= k° GOTU 1770 - ) R
REUPTTICHILE USTNG {43 FLS,  PLEASD 1vPE A Ok TH
FORM_POSEY1 €22, PUSRYH
. BCALFILE. USTHEG 1640, FLD, O
punaen;Cl
P1sie o L
Frof e [oupshILITY RIZATURe FOR OPT IO L mmas wn¥sidn s
T ILE UGING 1470 ,F LS, "&RE 70U SURCY"
sgeayl, C13, PGLUan ..
ST E LSIeG 1690, FLG,

-

[
©ERY{ 22ud
GOTU. 1600 o o .
UsTLG. 1738, FLE, "1YPLVES T GURE, b ipE oHoTe
L. C2h, Posasn
n iven;FLo.ud

GOTO_ 1870
2,59, 0y =0HROLD)
R N D Tl A1 R S .
L Usiwﬁ,*An1‘rtu,u1,uw,v1,w+Luy
RO N S SR L

toyn 1370

= GICL 1ue S o -
FLaLE UsIdn g, TS, T TLEasE TY R S A
TeEousInG 1aup . L

e
L

HeTan b, L, e YU ault

S TER RO L AT P

&4
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1910 IF Qi="YES" GO0 23u0

1926 IF We="HO' GOI0 1960 . . . . R .
1920 REURITEFILE USTHG 17X0,FL%, "TYPE 'YLE "IF SURE, "HNOTIF hay:e
1940 READFILL WUSING 1750.FCS,; 04
1990 GOTO. 1430
1960 P2=pP2+106
1980 PU=P? .
1970 P3 ]
1975 IF P35 COTO 2340
1960 STR(ME,99,2)=CHR(PD)
1990 STR(VE, 102, 2)=CHR(P3y . o
2000 WRITEFILE USINC 14ul,FLS, M ¢ V&, R%,U%
010 RUADCILE USING 1610,FLS 7
B 2020 1IF Q%='k' GOTL 1270
° 00 TE. Qi='6' GOI0_1vsn  __ oL .
: U400 CLURITOCILE USING 8308 - CoLak IYIE AT DR OTH
2070 FUANILE USING 1:°40,FLS,
2000 Gt 2000
PEM ww s CORPECT P OFOR REI- ¥ WUIRHYS OF DR FaaTe

Bt %w-er] M5 W THIN CLUSTERS COI Pe<DIn 1IN GARILIT.
PP 3 Py 00 L L :

[ SE O S WOR AR O 4 R bl B G Tl o I R 1D L

PEM ¥l IPISTE VALULQIGE IHPORTENUE JILIGIHTS w vw
Fulk 1=1 71 .2
] e (3, M) .
[HES RS S PETL
1300 HEXT ]

zunn pel-p .
210 RO T=1_TQ LA
2400 I1=HCTLE1Y
SUZ0 MCI1) L2 ep
U LRI VLN S . o P
DRLIL [ mer e OPPCTE DIZUDBTELS 2wk mdirn ey
voort=1 BATO R -

DHGE

I T=l 700D o
Ryt ot

T - DU ST

SETURE

"o
t

Dedn

R N . . .
Dt Efe temiel O
TEaU 1P Hie T 00TD 2%
DEvi IV I 2 vt Bhia
280 G i, M)

4% R, iy

NAINE e DY

2% -1

ey Vi

DL G Y

35 n 84
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